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(57) A wheel bearing device comprises a hub ring 
(41), a double-row bearing (42) and a constant velocity 
joint (43). At least the hub ring (41) and the double-row 
bearing (42) are united together. The hub ring (41) and 
the constant velocity joint (43) are fitted through torque 
transmission means (59, 81) and are joined by means 
for fastening in an axial direction (42). Any clearance in 
a fit portion of the torque transmission means (59, 81 ) 
is prevented by a play prevention member (82). 



Also disclosed is a wheel bearing device comprising 
a hub ring (41), a double-row bearing (42) and a con- 
stant velocity joint (43) which are united together. One 
of a double- row of inner raceways (44, 45) of the bearing 
(42) being formed on a joint outer ring (51) of the con- 
stant velocity joint (43). The joint outer ring (51) is fitted 
onto the hub ring (41) with a torque transmission means 
(59, 81) being provided in between, and the hub ring 
(41 ) and the joint outer ring (51 ) are joined together by 
plastic deformation. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 J The Invention relates to a wheel bearing device 
which rotatabty supports a wheel of an automobile on 
an car body. 

2. Description of the Related Art 

[0002] A wheel bearing device (hereinafter referred to 
as "bearing device") shown in Fig. 45 is for a driving 
wheel and has a constitution in which a hub ring 1 , a 
bearing 2, and a constant velocity universal joint 3 are 
unitized. 

[0003] The hub ring 1 is provided with an outboard in- 
ner raceway 4 on its outer peripheral surface as well as 
a wheel mounting flange 6 for mounting a wheel (not 
shown). Hub bolts 7 for fixing a wheel disc are studded 
on the wheel mounting flange 6 with equal intervals in 
a circumferential direction. Apilct portion 40 having a 
wheel guide portion 38 and a brake guide portion 39 is 
unitlzedly formed with an outboard end portion of the 
hub ring 1. Also, a brake rotor (not shown) is mounted 
on the wheel mounting flange 6 together with the wheel 
disc. 

[0004] The constant velocity universal joint 3 is pro- 
vided at an end of a shaft 8 and comprises a joint outer 
ring 1 1 with a track groove 9 formed on its inside periph- 
ery, a joint inner ring 1 2 having a track groove 1 0 formed 
on its outside periphery opposing the track groove 9 of 
the joint outer ring 11 , torque transmission balls 13 in- 
stalled between the track groove 9 of the joint outer ring 
11 and the track groove 10 of the joint outer ring 11, and 
a cage 14 supporting the torque transmission bails 13 
disposed between the joint outer ring 11 and the joint 
inner ring 12. Between the joint outer ring 11 and the 
shaft 8 is a boot 1 5 for preventing entry of water and 
foreign matter from outside and leakage of grease con- 
tained inside. 

[0005] The joint outer ring 1 1 has a mouse portion 1 6 
storing the joint inner ring 12, the torque transmission 
balls 13 and the cage 14, and a stem portion 19 axially 
extending from the mouse portion 16, with a serrated 
portion 1 7 being formed thereon. Transmission of torque 
from the stem portion 1 9 to the hub ring 1 is enabled by 
inserting the stem portion 1 9 into a through-hole of the 
hub ring 1 so that they are fit each other through serrated 
portions 17 and 18 formed respectively on an outside 
peripheral surface of the stem portion 1 9 and an inside 
peripheral surface of the through-hole. An axial end of 
the joint outer ring 11 is plastically deformed to be 
swaged to an outboard end portion of the hub ring 1 , 
and the joint outer ring 11 is fixed to the hub ring 1 by a 
swaged portion 20. 

[0006] Double- row inner raceways are formed with an 



outboard inner-raceway 4 formed on an cuter peripheral 
surface of the hub ring 1 and with an inboard inner-race- 
way 5 formed on an outer peripheral surface of a shoul- 
der portion 21 of the joint outer ring 11 . The joint outer 
5 ring 11 is inserted into the hub ring 1 axially from the 
inboard side and is swaged to the hub ring 1 . Thereby 
a shoulder portion 21 of the joint outer ring 11 butts 
against an inboard end portion of the hub ring 1 , thereby 
pre-load is applied to the bearing 2. 

10 [0007] The bearing 2 is of a double-row angular ball 
bearing constitution, and is constituted such that rolling 
elements 25 and 26 are disposed between the inner 
raceways 4 and 5 formed respectively on outer periph- 
eral surfaces of the hub ring 1 and joint outer ring 1 1 and 

is outer raceways 23 and 24 formed respectively on an 
outer ring 22, and the rolling elements 25 and 26 of each 
row are supported by cages 27 and 28 at equal intervals 
in a circumferential direction. The outer ring 22 is pro- 
vided with an car-body mounting flange 29 for mounting 

20 an car body (not shown) on it. The car-body mounting 
flange 29 is fixed with bolts on a knuckle extending from 
a suspension device (not shown) of the car body. At 
opening portion at both ends of the bearing 2, a pair of 
seals 30 and 31 sealing an annular space formed by the 

25 outer ring 22, the hub ring 1 and the joint outer ring 11 
are fitted into inner peripheral portions at end portions 
of the outer ring 22 to prevent inside grease from leaking 
and water and foreign matter from entering from outside. 
The seals 30 and 31 are provided with seal lips that are 

30 in sliding contact with slingers press-fitted onto outer pe- 
ripheral portions of the hub ring 1 and the joint outer ring 
11. 

[0008] While the bearing device shown in Fig. 45 is a 
type having a non-separable constitution in which the 

35 hub ring 1 , the bearing 2 and the constant velocity uni- 
versal joint 3 are unitized together, Figs. 46 and 47 show 
other examples of bearing devices of a type having a 
separable constitution in which a hub ring V and the 
bearing 2 are unitized together, and the constant veloc- 

40 ity universal joint 3 is fixed to the hub ring V with bolts 
32 or nuts 33. A separable type differs from a non-sep- 
arable type as described below. 
[0009] An inner ring 35, a separate element from the 
hub ring V, is fitted onto a small-diameter end portion 

45 34 formed on an outside periphery of an inboard end 
portion of the hub ring 1 ', and an inboard inner raceway 
5 is formed on an outside periphery of the inner ring 35. 
The inner ring 35 is pressed into position with an appro- 
priate interference to prevent creeping from occurring. 

so Both an outboard inner raceway 4 formed on an outside 
periphery of the hub ring V and the inboard inner race- 
way 5 formed on the outside periphery of the inner ring 
35 form double-row inner raceways. The inner ring 35 
is pressed onto the end portion of the small-diameter 

55 portion 34 of the hub ring 1 \ the end portion of the small- 
diameter portion 34 of the hub ring V is outwardly 
swaged by plastically deforming it, and the swaged por- 
tion 36 serves to prevent the inner ring 35 from loosen- 
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ing and coming off, and to apply pre-load to the bearing 

2. 

[001 0] In this type of bearing devices, because of the 
constitution in which the swaged portion 36 serves for 
the prevention of coming off and application of pre-load, 
the joint outer ring 11 is fixed to the hub ring 1 in the 
following way: a stem portion 19 of the joint outer ring 
11 is inserted into the through-hole of the hub ring V, 
then the joint outer ring 1 1 is fixed to the hub ring 1 ' with 
tightening torque necessary and sufficient to prevent the 
joint outer ring 11 from loosening from the hub ring V 
either by engaging a bolt 32 into a threaded hole 37 
formed on a stem portion 19 of the joint outer ring 11 
(see Fig. 46) or by engaging a nut 33 onto the stem por- 
tion 19 of the outer joint ring 11 (see Fig. 47). 
[0011] The bearing device in Fig. 45 is constituted 
such that the stem portion 1 9 of the joint outer ring 1 1 is 
swaged by plastically deforming it, and the joint outer 
ring 1 1 is fixed to the hub ring 1 by a swaged portion 20. 
Therefore, considering the convenience in assembly of 
this bearing device, a serration fit between the hub ring 
1 and the stem portion 19 of the joint outer ring 11 is 
preferably loose. 

[0012] Also, in the bearing devices in Fig. 46 and Fig. 
47, the swaged portion 36 of the hub ring V serves to 
prevent the inner ring 35 from loosening and coming off, 
and to apply pre-load to the bearing 2, and the bolt 32 
or the nut 33 fixes the constant velocity universal joint 3 
to the hub ring 1 '. Because the swaged portion 36 of the 
hub ring 1 1 serves to prevent the inner ring 35 from loos- 
ening and apply pre-load to the bearing 2 as described 
above, applying pre-load by fastening torque of the bolt 
32 or the nut 33 becomes unnecessary, and the bolt 32 
or the nut 33 fixes the joint outer ring 1 1 to the hub ring 
V with fastening torque that is necessary and sufficient 
to prevent the joint outer ring 11 from loosening. 
[0013] However, when the serration fit between the 
hub ring 1 or 1 ' and the stem portion 1 9 is loose for con- 
venience in assembly of the bearing device, play may 
occur between the serrated portions 17 and 18 of the 
hub ring 1 or I'and the stem portion 1 9 respectively, re- 
sulting in possible deterioration in drive feeling and gen- 
eration of an unusual sound in a driving system. Also, a 
constitution of this type is weak to moment load applied 
to the hub ring 1, an attempt for securing sufficient 
strength for the stem portion 1 9 and the swaged portion 
20 hinders the miniaturization of the entire device. 
[0014] Also, because the bearing devices in Figs. 45 
to 47 are constituted such that the stem portion 19 of 
the joint outer ring 1 1 is fitted into an inside periphery of 
the hub ring 1 or 1', the dimensions in a radial direction 
of the serrated portions 17 and 18 for torque transmis- 
sion cannot be made larger than the inside diameter of 
the hub ring 1 or 1 '. When the diameters of serrated por- 
tions cannot be made larger as described above, the 
serrated portions inevitably have to be made longer in 
an axial direction to secure a predetermined transmitted 
torque, which results in inconvenience in that the dimen- 



sion in the axial direction of the bearing device increas- 
es. 

[0015] In the bearing device in Fig. 45, specifically, 
moment load acting on the hub ring 1 is received mainly 
5 only by the outboard bearing 2 of the double row bearing 
2. This is because the hub ring 1 and the joint outer ring 
11 tend to be bent at their butted portion when moment 
load is applied, so that an inboard bearing is not capable 
enough to support moment load. Therefore, excessive 
10 force may cause looseness at the swaged portion 20, 
so that lack in coupling strength between the hub ring 1 
and the outer joint ring 1 1 , as well as lack in strength of 
the stem portion 19 of the joint outer ring 11 is feared. 
[0016] Also, in the bearing devices in Figs. 45 to 47, 
is because the inner raceway 4 is formed on the hub ring 
1 or V, and the hub ring 1 or 1' has a function equivalent 
to a raceway of a general roller bearing, the hub ring 1 
or 1 ' must be made of steel for bearing in the same way 
as a raceway of such a general roller bearing. However, 
because steel for bearing is extremely purified steel, it 
is expensive. Also, steel for bearing contains a higher 
amount of carbon for hardenability and for hardness on 
a raceway surface, so that it has low ductility, which 
leads in poor workability in forging. 
[0017] In a wheel bearing device, generally, an in- 
board bearing is subjected to severer load conditions 
than an outboard bearing. Conventionally, specifica- 
tions of internal parts of both inboard and outboard bear- 
ings have been made equal without considering such a 
point described above. Briefly, the pitch circle diameters 
and other dimensions of outboard and inboard bearings 
have been made equivalent. This means, however, that 
an outboard outer raceway 23 also inevitably has a large 
radius dimension that satisfies the rated load of an in- 
board bearing, which is against demand for miniaturiza- 
tion and weight-lightening of a bearing device. Further- 
more, when designing a bearing device, it must be con- 
sidered that a hub bolt 7 does not contact with an outer 
ring 22 in case of repair, for example, in the case when 
the hub bolt 7 is drawn from wheel mounting flange 6; 
however, a larger radial dimension of the outboard outer 
raceway 23 makes such consideration difficult to real- 
ize, lowering the freedom in design. Consequently, the 
design itself of a bearing device cannot be realized in 
an extreme case. 

[0018] In a bearing device in Fig. 45, a axial end of 
the joint outer ring 11 is plastically deformed to swage it 
to an outboard end portion of the hub ring 1 , and the 
joint outer ring 1 1 is fixed to the hub ring 1 by the swaged 
portion 20. Therefore, during the swaging operation, 
run-out occurs on the wheel mounting flange 6 of the 
hub ring 1 . Run-out of the flange will cause face run-out 
(or run-out in an axial direction) on a brake rotor to be 
mounted on the wheel mounting flange 6 of the hub ring 
1 , causing vibration in braking while the automobile is 
traveling at a high speed or resulting in a problem such 
as uneven wear of the brake rotor or brake juddering. 
[0019] Generally, in view of the reason of easiness in 
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forging, workability in cold forging, and machlnability or 
because of economy, raw un-heat-treated medium car- 
bon steel (S53C and others) for machine structural pur- 
pose is used for the hub ring 1. Miniaturization and 
weight-lightening of a bearing device greatly contribute 
for increased travel stability of an automobile, so that 
the wheel mounting flange 6 of the hub ring 1 is increas- 
ingly constituted with ribs and thinned. However, such 
movement is bringing the mechanical strength of the 
hub ring itself to a fatigue limit of the material, or medi- 
um-carbon steel for machine structural purpose, and 
therefore, further weight-tightening is becoming difficult. 
Specifically, thinning of the wheel mounting flange 6 of 
the hub ring 1 for weight-lightening purpose can cause 
concentration of rotational bending stress at an out- 
board base portion of the wheel mounting flange 6, or 
at a fillet located at a region extending from a brake rotor 
mounting surface to a cylindrical pilot portion 41 , and 
the fillet can be a starting point of breakage. 
[0020] An inboard base portion of the wheel mounting 
flange 6 is a sealing surface with which the seal-lip of a 
seal 30 is in sliding contact, and the sealing surface has 
a larger curvature with a quench in g-tempering treat- 
ment being applied to give abrasion resistance on the 
surface. Therefore, the inboard root portion of the wheel 
mounting flange 6 has higher mechanical strength than 
an outboard base portion that is not heat-treated, so that 
the inboard base portion is less likely to be a starting 
point of breakage caused by rotational bending stress. 
[0021] Although thickening of the wheel mounting 
flange 6 can be a solution for avoiding such breakage 
described above, it is against the movement of weight- 
lightening. Further, generation of stress can be eased 
with enlarged dimensions of the base portion , orthe cur- 
vature of the base portion, of the wheel mounting flange 
6; however, the application of this method is limited by 
a possible mechanical interference between the base 
portion and a brake rotor to be mounted on the wheel 
mounting flange 6. 

[0022] Also, material can be strengthened by increas- 
ing its carbon content, adding a strengthening element 
such as Si (silicon) or V (vanadium) or by applying a 
heat treatment such as normalizing; however, workabil- 
ity of the material is affected by increased material hard- 
ness. Consequently, conventional processing methods 
or existing facilities become difficult to be applied, and 
further, adding a large amount of strengthening ele- 
ments leads to increased material costs. 

SUMMARY OF THE INVENTION 

[0023] It is an object of the present invention to pre- 
vent occurrence of play between serrated portions of a 
hub ring and a joint outer ring. 

[0024] To attain the above object, a bearing device ac- 
cording to the present invention comprises a hub ring, 
a double-row bearing and a constant velocity universal 
joint, at least the hub ring and the double-row bearing 



are unitized, and the hub ring and a joint outer ring of 
the constant velocity universal joint are fitted to each 
other through torque transmission means and joined to- 
gether by means for fastening in an axial direction. In 
5 this constitution, a clearance in the fit portion of the 
torque transmission means is prevented from occurring 
by a play prevention member. 

[0025] In this bearing device, fit condition of the torque 
transmission means provided between the hub ring and 

10 the joint outer ring, which was in a loose relationship for 
convenience in assembling a bearing device, can be 
changed to a tight relationship because clearance in the 
fit portion of the torque transmission means provided be- 
tween the hub ring and the joint outer ring is prevented 

is from occurring by the play prevention element. Thereby, 
occurrence of play between the serrated portions of the 
hub ring and the joint outer ring, deterioration of drive 
feeling and generation of unusual sound from a driving 
system can be prevented so that a highly reliable bear- 

20 ing device having high quality can be provided. 

[0026] This invention is also applicable to a bearing 
device having a constitution in which a hub ring, a con- 
stant velocity universal joint and a double-row bearing 
are unitized, one of double-row inner raceways of the 

25 bearing is formed on a joint outer ring of the constant 
velocity joint, and an end portion of the joint outer ring 
is fitted onto an outside periphery of the hub ring through 
torque transmission means. 

[0027] In a bearing device of the invention, the play 

30 prevention member for preventing occurrence of play in 
the fit portion of the torque transmission means has an 
outside diameter larger than an inside diameter of a hol- 
low portion provided in the hub ring and it is a diameter- 
expanding member to be pressed into the hollow por- 

35 tion, Pressing the diameter-expanding member into the 
hollow portion of the hub ring expands the hub ring from 
the inside toward the outside, and thereby a fit condition 
of the torque transmission means between the hub ring 
and the joint outer ring can be changed to a tight one. 

40 [0028] In a bearing device according to the invention, 
the hub ring and the joint outer ring can be fitted tighter 
by adding a constitution in which an end portion of the 
hub ring is swaged to be coupled with the joint outer ring 
or by adding a constitution where a snap ring is installed 

<5 at an end portion of the hub ring to couple the hub ring 
with the joint outer ring. 

[0029] The present invention is applicable to a consti- 
tution in which the hub ring has a small-diameter end 
portion, an inner ring as a separate element that forms 

so one of double-row inner raceways of a bearing is 
pressed onto the small-diameter end portion, the hub 
ring and the bearing are unitized together by swaging 
the small-diameter end portion, and a joint outer ring is 
fitted into a bore of the hub ring through the torque trans- 

55 mission means. 

[0030] In a bearing device according to the present 
invention, the play prevention member for preventing a 
clearance occurring in the fit portion of the torque trans- 
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mission means has an outside diameter larger than an 
inside diameter of the hollow portion of the joint outer 
ring and is a diameter-expanding member to be pressed 
into the hollow portion. The diameter-expanding mem- 
ber expands the joint outer ring from the inside toward 
the outside by pressing the diameter-expanding mem- 
ber into the hollow portion, the fit condition in the torque 
transmission means between the hub ring and the joint 
outer, can be changed to a tighter one. 
[0031 J The diameter-expanding member is preferably 
a rolling element for a bearing. Using a roiling element 
as a diameter-expanding member facilitates the expan- 
sion of the hub ring or the joint outer ring from the inside 
toward the outside by pressing the diameter-expanding 
member into the hollow portion. A ball or a roller may be 
used as the rolling element. 

[0032] In a bearing device according to the present 
invention, a small-diameter portion having an outside di- 
ameter smaller than an inside diameter of the hub ring 
is provided at an end portion of the joint outer ring, a 
portion having projections and depressions is formed on 
an outside periphery of the small-diameter portion in a 
circumferential direction, and between an inner periph- 
ery of the hub ring and an outer periphery of the small- 
diameter portion, there is installed a ring member inte- 
grally having tongue pieces elastically contacting with 
the portion having projections and depressions on the 
small-diameter portion and with the fit portion of the 
torque transmission means of the hub ring. Installation 
of the ring member between the hub ring and the small- 
diameter portion provides a fit condition in which the 
tongue pieces elastically contact with both the fit portion 
of the torque transmission means of the hub ring and 
the portion having projections and depressions of the 
small-diameter portion, of which arrangement creates a 
tight fit condition of the hub ring and the joint outer ring 
even play exists in the fit portion of the torque transmis- 
sion means. 

[0033] It is another object of the invention to make a 
bearing device more compact and to improve its rigidity 
against moment load. 

[0034] In order to attain the object, a bearing device 
according to the invention comprises a hub ring, a con- 
stant velocity universal joint and a double-row bearing, 
of which all are unitized, and one of double-row inner 
raceways of the bearing is formed on a joint outer ring 
of the constant velocity universal joint, wherein the joint 
outer ring is fitted onto the hub ring through torque trans- 
mission means, and the hub ring and the joint outer ring 
are joined by plastic deformation. 
[0035] By fitting the joint outer ring onto the hub ring 
as described above, a dimension of the torque transmis- 
sion means in a radial direction can be made larger than 
an inside diameter of the hub ring. As a result of the 
enlargement in the diameter of the torque transmission 
means, the length of the torque transmission means in 
an axial direction can be shortened to make the bearing 
device more compact. 



[0036] In this case, because the hub ring becomes 
possible to be extended to inboard side in a bore of the 
joint outer ring, the double-row bearing, or both inboard 
and outboard bearings, can take moment load acting on 
5 the hub ring through the extended portion, so that mo- 
ment rigidity of the bearing device is increased. Taking 
moment load by the double-row bearing reduces load 
on the plastically deformed portion, so that loosening of 
the plastically deformed portion is surely prevented, and 
10 coupling strength between the hub ring and the joint out- 
er ring is stably maintained over a long period of time. 
In order to obtain the effect described above, an inboard 
end portion of the hub ring is preferably extended be- 
yond an inboard inner raceway of the double-row inner 
15 raceways. 

[0037] The torque transmission means and the plas- 
tically deformed portion may be separately disposed in 
an axial direction. In this case, a torque transmission 
function and a function of preventing the hub ring from 
20 loosening are available independently from each other, 
allowing optimum design of both the functions such that 
each of the functions can be individually enhanced. 
[0038] By providing a fit portion between the hub ring 
and the joint outer ring in which they are fitted without 
25 play, transmission of radial load between the two are en- 
sured and radial rigidity of the bearing device is im- 
proved. Different embodiments may be available for the 
arrangements of the fit portion, the torque transmission 
means and the plastically deformed portion. For exam- 
30 pie, the plastically deformed portion can be disposed in 
an axial direction at one side of the torque transmission 
means and the fit portion can be disposed at the other 
side. 

[0039] The plastically deformed portion is arranged 
35 such that, for example, an end portion of the hub ring is 
swaged for coupling with the joint outer ring. More spe- 
cifically, for example, a tubular portion to be swaged is 
formed at the end portion of the hub ring, the tubular 
portion to be swaged is coupled with an end surface of 
40 the joint outer ring by plastically deforming the tubular 
portion to be swaged toward the outside of the hub ring 
by swaging or other means, and thus the hub ring and 
the joint outer ring are coupled together by plastic de- 
formation. 

45 [0040] Coupling constitutions for the hub ring and the 
joint outer ring include, besides those described above, 
such a constitution in which the hub ring and the joint 
outer ring are coupled by plastically deforming an end 
portion of a connection member inserted into the hub 
so ring. The plastically deformed portion and the torque 
transmission means may be separately disposed in an 
axial direction, and they may also be disposed on a com- 
mon part. 

[0041] More specifically, for example, a portion with 
55 projections and depressions is provided within a fit 
range of the hub ringand the joint outer ring, and the fit 
range including the portion with projections and depres- 
sion is at least partly expanded or shrunk in the diame- 
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ters. By expanding or shrinking the diameters in the fit 
range, the portion with projections and depression pro- 
vided either on the hub ring or on the joint outer ring 
bites into the mating member, a function of torque trans- 
mission and a function of preventing the hub ring (or the 
joint outer ring) from loosening are compatible. 
[0042] The diameter-expanded portion or the diame- 
ter-shrunk portion in this case Is preferably disposed on 
an inboard inner raceway rather than on an outboard 
inner raceway. By doing so, the dimension of the joint 
outer ring in an axial direction can be shortened, de- 
crease in accuracy of the fiange end surface of the hub 
ring caused by punching is avoided, and significant rise 
in costs for a heat treatment for the portion with projec- 
tions and depression is avoided. 
[0043] Fitting an inner ring having an outboard inner 
raceway on its outside periphery onto the hub ring can 
omit an outboard inner raceway from the hub ring, and 
the hub ring can be made as a member having no inner 
raceway. Accordingly, in selecting a material for the hub 
ring, consideration for hardenability or the hardness of 
an inner raceway becomes unnecessary. Therefore, 
material such as extremely purified steel or high-carbon 
steel is not necessary to be used for the hub ring, so 
that production costs can be lowered. The same effect 
is obtainable by fitting an inner ring having an outboard 
inner raceway on its outside periphery onto the joint out- 
er ring. 

[0044] For example, the diameter of an outboard out- 
er raceway becomes smaller® by making the pitch- 
circle diameter of an outboard bearing of a double-row 
bearing smaller than that of an inboard bearing or© by 
making the diameter of outboard rolling elements small- 
er than that of inboard rolling elements, and thus the 
diameter of the outboard outer ring can be made small- 
er. Therefore, lightening in weight is achieved, space for 
removing hub bolts is secured, and freedom in design 
is increased. 

[0045] The constitutions of © and © described 
above are applicable not only to a bearing device for a 
driving wheel, but also to a bearing device for a driven 
wheel. That is, in a bearing device in which a hub ring 
and a double-row bearing are unitized, the pitch-circle 
diameter of an outboard bearing of the double-row bear- 
ing is made smaller than that of an inboard bearing or 
the diameter of outboard rolling elements of the double- 
row bearing is made smaller than that of inboard rolling 
elements. 

[0046] It is still another object of the present invention 
to prevent occurrence of run-out of a wheel mounting 
flange of a hub ring. 

[0047] In order to attain the object, a bearing device 
according to the invention comprises a hub ring, a con- 
stant velocity universal joint and a double-row bearing 
which are unitized together, at least one of inner race- 
ways of double-row inner raceways of the bearing and 
a wheel mounting flange are formed on the hub ring, 
and a stem portion of a joint outer ring of the constant 



velocity universal joint is inserted into the hub ring 
through torque transmission means, wherein a pilot 
member, which is a separated element having a wheel 
guide portion and a brake guide portion, is fitted to an 

5 end portion of the wheel mounting flange of the hub ring, 
and the hub ring and the pilot member are fixed by swag- 
ing to the joint outer ring. The hub ring, the pilot member 
and the joint outer ring are fixed to each other by unitiz- 
ing the hub ring and the pilot member by swaging an 

to axial end portion of the joint outer ring to the pilot mem- 
ber. 

[0048] The constitution described above is applicable 
to a bearing device having a constitution in which the 
other inner raceway of the double-row bearing is formed 
*5 directly on the joint outer ring of the constant velocity 
universal joint. Also, the stem portion and a mouth por- 
tion of the joint outer ring can be constituted so as that 
torque can be transmitted and also can be detachably 
constituted. In this case, preferably, the other inner race- 
way of the double-row inner raceways of the bearing is 
formed directly on the stem portion of the joint outer ring, 
and the stem portion and the mouth portion, which is a 
separate element, are fitted to each other through ser- 
rated portions. 

[0049] In the bearing device according to the present 
invention, by fitting the pilot member, which is a separate 
element, to an end portion of the wheel mounting flange 
of the hub ring, alignment of the hub ring and the.joint 
outer ring is made by the end portion of the wheel mount- 
ing flange and the separate pilot member, and the pilot 
member and the hub ring are fixed to be unitized by 
swaging an axial end of the joint outer ring. The align- 
ment of the hub ring and the joint outer ring is made 
through the separate pilot member and the end portion 
of the wheel mounting flange., so that occurrence of run- 
out of the wheel mounting flange of the hub ring can be 
prevented. Further, fitting the pilot member eases stress 
concentration, caused by moment load applied to the 
hub ring, on a swaged portion at the axial end. 
[0050] In this bearing device, it is preferable that © 
the pilot member is subjected to rust-proofing, © the 
surface thereof is hardened by a heat treatment, and© 
a seal member is provided on a surface thereof with 
which the hub ring contacts. 

[0051 ] It is still a further object of the present invention 
to enhance the strength of a hub ring while aiming at the 
lightening in weight without changing the shape and di- 
mensions of a wheel mounting flange and without in- 
creasing a carbon content in a material or without adding 
strengthening elements to a material. 
[0052] In order to attain the object, a bearing device 
according to the invention comprises a hub ring, a con- 
stant velocity universal joint and a double-row bearing 
that are unitized together, at least one of inner raceways 
of double-row inner raceways of the bearing and a wheel 
mounting flange are formed on the hub ring, and a stem 
portion of a joint outer ring of the constant velocity uni- 
versal joint is fitted into the hub ring through torque 
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transmission means, wherein a surface-hardened layer 
is formed at least on an outboard base portion of the 
wheel mounting flange. The base portion is preferably 
a fillet located at a region extending from a brake rotor 
mounting surface to a tubular pilot portion, and the sur- s 
face-hardened layer is formed by induction hardening. 
[0053] Forming the surface-hardened layer at least on 
an outboard base portion of the wheel mounting flange 
facilitates strengthening of the outboard base portion, 
which is the weakest portion for rotational bending fa- 10 
tigue strength, to improve the strength for rotational 
bending fatigue strength without changing the shapes 
and dimensions of the wheel mounting flange and with- 
out increasing a carbon content in a material or adding 
strengthening elements in a material, but while enabling *s 
the use of current processing methods and facilities. As 
a result, ribbing or thinning of the wheel mounting flange 
can be realized, leading in miniaturization and weight- 
lightening of a bearing device. 

[0054] In the invention, the surface hardness of the 20 
surface-hardened layer may be from HRC 40 through 
63, preferably from HRC 58 through 63, and the depth 
may be from 0.3 through 2 mm, preferably from 0.5 
through 2 mm. 

[0055] When the surface hardness of the surface- 25 
hardened layer is made in the range from HRC 40 
through 63, or preferably from HRC 58 through 63, the 
hardness in of range effectively prevents breakage 
caused by rotational bending fatigue, because rotational 
bending fatigue strength fundamentally depends on 30 
hardness. To prevent breakage caused by rotational 
bending fatigue means to limit the production of cracks 
on the material surface. Stress caused by rotational 
bending has its maximum value at the surface and it re- 
duces toward inside. Therefore, the depth of the sur- 35 
face-hardened layer is not necessarily so deep, and the 
depth from 0.3 through 2 mm, preferably from 0.5 
through 2 mm, is adequate. 

[0056] The hub ring is preferably made of carbon steel 
containing C from 0.5 through 0.8 wt%. Carbon steel *o 
containing C from 0.5 through 0.8 wt% has better work- 
ability than SUJ2, high-carbon chrome steel for a bear- 
ing (containing C from 0.95 through 1 .10 wt%), by a de- 
gree corresponding to its less carbon content. 
[0057] The hub ring comprises the wheel mounting 45 
flange on its outside periphery, an outboard inner race- 
way of the double-row inner raceways thereon, and a 
small-diameter stepped portion onto which an inner ring 
is pressed, with the inner ring being formed with the in- 
board inner raceway. The present invention is applica- so 
ble to a bearing device comprising a hub ring having 
such a constitution described above. 
[0058] A wheel bearing device preferably comprises 
a seal having a seal lip slidingly contacts with an outside 
periphery of the hub ring or the inner ring, and a surface- ss 
hardened layer is formed about a base portion of the 
wheel mounting flange with which the seal lip slidingly 
contacts. By forming a surface-hardened layer also 



about a base portion of the wheel mounting flange with 
which the seal Hp contacts, the wheel mounting flange 
is further strengthened. 

[0059] It is preferable that a serrated portion is formed 
on an internal periphery of the hub ring and a surface- 
hardened layer is provided on the serrated portion. 
Forming a surface-hardened layer on a serrated portion 
improves a wear resistance and strength, and the im- 
proved strength allows to shorten the effective length of 
the serrated portion. Here, a serrated portion implies 
serration or spline. 

[0060] The nature, principle, and utility of the inven- 
tion will become more apparent from the following de- 
tailed description when read in conjunction with the ac- 
companying drawings in which like parts are designated 
by like reference numerals or characters. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0061] In the accompanying drawings: 

Fig. 1 is a cross sectional view showing a first em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 2 is a cross sectional view showing a state be- 
fore swaging is applied to the bearing device of the 
first embodiment; 

Fig. 3 is a cross sectional view showing a state after 
swaging is applied to the bearing device of the first 
embodiment; 

Fig. 4 is a cross sectional view showing a second 
embodiment of a bearing device according to the 
invention; 

Fig. 5 is a cross sectional view showing a third em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 6 is a cross sectional view showing a fourth em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 7 is a cross sectional view showing a fifth em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 8 is a cross sectional view showing a sixth em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 9 is a cross sectional view showing a seventh 
embodiment of a bearing device according to the 
invention; 

Fig. 10 is a cross sectional view showing an eighth 
embodiment of a bearing device according to the 
invention; 

Fig. 1 1 is a cross sectional view showing a ninth em- 
bodiment of a bearing device according to the in- 
vention; 

Fig. 12 is a cross sectional view showing a tenth 
embodiment of a bearing device according to the 
invention; 

Fig. 13 is a cross sectional view showing an elev- 



13 



EP 1 190 870 A2 



14 



enth embodiment of a bearing device according to 
the invention; 

Fig. 14 is a cross sectional view showing a twelfth 
embodiment of a bearing device according to the 
invention; s 
Fig. 15(a) is a view seen from Z-Z line of Figs. 15 
(b) and 15(c), Fig. 15(b) is an enlarged cross sec- 
tional view of portion A showing a ring member in 
Fig. 1 4, and Fig. 1 5(c) is an enlarged cross sectional 
view of portion A showing a ring member in a thir- 10 
teenth embodiment, an alternative example of the 
twelfth embodiment in Fig. 14; 
Fig. 16 is a cross sectional view showing a four- 
teenth embodiment of a bearing device according 
to the invention; is 
Fig. 1 7(a) is an enlarged cross sectional view of por- 
tion B showing a ring member in Fig. 1 6, Fig. 1 7(b) 
is an enlarged cross sectional view of portion B 
showing a ring member in a fifteenth embodiment 
that is an alternative example of the fourteenth em- 20 
bodiment, and Fig. 17(c) is an enlarged cross sec- 
tional view of portion B showing a ring member in a 
sixteenth embodiment that is an alternative exam- 
ple of the fourteenth embodiment; 
Fig. 1 8(a) is an enlarged cross sectional view of an 25 
essential portion showing a ring member in a sev- 
enteenth embodiment that corresponds to the four- 
teenth embodiment, Fig. 16(b) is an enlarged cross 
sectional view of an essential portion showing a ring 
member in an eighteenth embodiment that corre- 30 
sponds to the fifteenth embodiment, Fig. 1 6(c) is an 
enlarged cross sectional view of an essential por- 
tion showing a ring member in a nineteenth embod- 
iment that corresponds to the sixteenth embodi- 
ment, and Fig. 1 8(d) is an enlarged cross sectional 35 
view of a part showing a ring member in a twentieth 
embodiment; 

Fig. 1 9 is a cross sectional view showing a twenty- 
first embodiment of a bearing device according to 
the invention; 40 
Fig. 20 shows view X depicting the contact surfaces 
of the ring member and nut in Fig. 1 9; 
Fig. 21 (a) is a perspective view of a nut in a twenty- 
second embodiment of a bearing device according 
to the invention, and Fig. 21 (b) is a front view of the 45 
nut in Fig. 21 (a); 

Fig. 22 is a characteristics diagram of a convention- 
al bearing device, showing the relationship between 
tightening torque of a bolt or nut and play at a ser- 
rated portion; so 
Fig. 23 is a characteristics diagram of a bearing de- 
vice according to the invention showing the relation- 
ship between tightening torque of abort or nut and 
play at a serrated portion; 

Fig. 24 is a cross sectional view showing a twenty- ss 
third embodiment of a bearing device according to 
the invention; 

Fig. 25 is a cross sectional view showing a twenty- 



fourth embodiment of a bearing device according to 
the invention; 

Fig. 26 is a cross sectional view showing a twenty- 
fifth embodiment of a bearing device according to 
the invention; 

Fig. 27 is a cross sectional view showing a twenty- 
sixth embodiment of a bearing device according to 
the invention; 

Fig. 26 is a cross sectional view showing a twenty- 
seventh embodiment in which an inner ring having 
an inner raceway is fitted to a hub ring; 
Fig. 29 is a cross sectional view showing a twenty- 
eighth embodiment in which a hub ring is expanded 
in its diameter for swaging to be fixed to a joint outer 
ring; 

Fig. 30 is a cross sectional view showing a twenty- 
ninth embodiment in which a hub ring and a joint 
outer ring are coupled with a connection member; 
Fig. 31 is a cross sectional view showing a thirtieth 
embodiment in which pitch-circle diameters of roll- 
ing elements and other dimensions are made to dif- 
fer from each other in inboard and outboard rows; 
Fig. 32 is a cross sectional view showing a thirty- 
first embodiment in which a hub ring in Fig. 31 is 
expanded in its diameter for swaging to be fixed to 
a joint outer ring; 

Fig. 33 is a cross sectional view showing a thirty- 
second embodiment in which a hub ring is expand- 
ed in its diameter for swaging to be fixed to a joint 
outer ring; 

Fig. 34 is a cross sectional view showing a thirty- 
third embodiment in which a hub ring is expanded 
in its diameter for swaging to be fixed to a joint outer 
ring; 

Fig. 35 is a cross sectional view showing a thirty- 
fourth embodiment in which a double-row conical- 
roller bearing is used as a bearing shown in Fig. 29; 
Fig. 36 is a cross sectional view showing a thirty- 
fifth embodiment in which a hub ring is fitted onto 
an outside periphery of a joint outer ring for fitting 
them to each other by expanding and swaging; 
Fig. 37 is a cross sectional view showing a thirty- 
sixth embodiment of a bearing device according to 
the invention; 

Fig. 38 is a cross sectional view showing a thirty- 
seventh embodiment of a bearing device according 
to the invention; 

Fig. 39 is a cross sectional view showing a thirty- 
eighth embodiment of a bearing device according 
to the invention; 

Fig. 40 is a cross sectional view showing a thirty- 
ninth embodiment of a bearing device according to 
the invention; 

Fig. 41 is a cross sectional view of a part showing 
a hub ring, a stem portion of a joint outer ring and 
a pilot ring, all of which are shown in Fig. 37; 
Fig. 42 is a cross sectional view showing a fortieth 
embodiment of a bearing device according to the 
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invention; 

Fig. 43 is an enlarged cross sectional view of a part 

showing the hub ring in Fig. 42; 

Rg. 44 is a cross sectional view showing a forty-first 

embodiment of a bearing device according .to the 

invention; 

Fig. 45 is a cross sectional view showing a conven- 
tional non-separable-type bearing device in which 
a hub ring, a bearing and a constant velocity univer- 
sal joint are unitized; 

Fig. 46 is a cross sectional view showing a conven- 
tional separable- type bearing device in which a hub 
ring and a bearing are unitized, and the hub ring is 
f ixed with bolts to a constant velocity universal joint; 
and 

Fig. 47 is a cross sectional view showing a conven- 
tional separable-type bearing device in which a hub 
ring and a bearing are unitized, and the hub ring is 
fixed with a nut to a constant velocity universal joint. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0062] Bearing devices in Figs. 1 to 4 are embodi- 
ments for constitutions of a non-separable type in which 
a hub ring 41 , bearing 42 and a constant velocity uni- 
versal joint 43 are unitized, and an inboard inner race- 
way 45 is formed on a joint outer ring 51 . Also, bearing 
devices in Figs. 5 to 26 are embodiments of constitu- 
tions of a separable type in which each of inner race- 
ways 44 and 45 are formed respectively on a hub ring 
41' and an inner ring 75, i.e., a separate element, to be 
unitized as a bearing 42, and the constant velocity uni- 
versal joint 43 is fixed to the hub ring 41 1 with a bolt 72 
or a nut 73. 

[0063] The hub ring 41 constituting the bearing device 
of a first embodiment shown in Fig. 1 has an outboard 
inner raceway 44 formed on an outside periphery of the 
hub ring 41 and is provided with a wheel mounting flange 

46 for mounting a wheel (not shown) thereon. Hub bolts 

47 forfixing a wheel disc are studded at circumf ere nti ally 
equal intervals on the wheel mounting flange 46. A pilot 
member 40 for a wheel rotor is provided at an outboard 
opening portion of a through hole of the hub ring 41 . The 
pilot member 40 also serves as a cap for preventing en- 
try of water or foreign matter from outside or leakage of 
grease contained inside. Lightweight galvanized steel 
or resin having excellent corrosion resistance is suitable 
as a material for the member. 

[0064] The constant velocity universal joint 43 is pro- 
vided at an end of a shaft 46 and comprises the joint 
outer ring 51 with a track groove 49 formed on an inside 
periphery thereof, a joint inner ring 52 with a track grove 
50, which surfaces the track grove 49 of the joint outer 
ring 51 , formed on an outside periphery thereof, torque 
transmission balls 53 installed between the track groove 
49 of the joint outer ring 51 and the track groove 50 of 
the joint inner ring 52, and a cage 54 provided between 



the joint outer ring 51 and the joint inner ring 52 for sup- 
porting the torque transmission balls 53. A boot 55 is 
provided between the joint outer ring 51 and the shaft 
48 to prevent entry of water or foreign matter from out- 

5 side and leakage of grease contained inside. 

[0065] The joint outer ring 51 comprises a mouth por- 
tion 56 storing the joint inner ring 52, the balls 53 and 
the cage 54, and a stem portion 59 integrally extending 
from the mouth portion 56 in an axial direction. The in- 
to board inner raceway 45 is formed on an outside periph- 
ery of the stem portion 59. The outboard inner raceway 
44 formed on an outside periphery of the hub ring 41 
and the inboard inner raceway 45 formed on an outside 
periphery of the stem portion 59 constitute double-row 

*5 inner raceways. 

[0066] The bearing 42 is of a double-row angular bail 
bearing structure in which rolling elements 65 and 66 
are provided between the inner raceways 44 and 45 
formed respectively on an outside periphery of the hub 

20 ring 41 and on the joint outer ring 51 and the outer race- 
ways 63 and 64 of which both are formed on an inside 
periphery of an outer ring 62, and the rolling elements 
65 and 66 are supported at circumferential ly equal in- 
tervals by cages 67 and 68. The outer ring 62 is provided 

25 with an car-body mounting flange 69 for mounting the 
bearing device onto an car body (not shown). The car- 
body mounting flange 69 is fixed with bolts to a knuckle 
extending from a suspension device (not shown) of the 
car body. At opening portions at both ends of the bearing 

30 42, a pair of seals 70 and 71 for sealing an annular space 
formed by the outer ring 62, the hub ring 41 and the joint 
outer ring 51 are fitted in bores at end portions of the 
outer ring 62 in order to prevent leakage of grease con- 
tained inside and entry of water or foreign matter from 

35 outside. 

[0067] In a bearing device of this first embodiment, a 
small-diameter end portion 81 is formed by extending 
an inboard end portion of the hub ring 41 , a serrated 
portion 57 is formed on an outside periphery of the 

40 small-diameter end portion 81 , and at the same time, a 
serrated portion 58 is formed on an inside periphery of 
the stem portion 59 of the joint outer ring 51 . The stem 
portion 59 of the joint outer ring 51 is put onto the small- 
diameter end portion 81 of the hub ring 41 to fit them to 

45 each other with the serrated portions 57 and 58, which 
allows transmission of torque from the joint outer ring 
51 to the hub ring 41 . Also, the stem portion 59 of the 
joint outer ring 51 is butted against the hub ring 41 to 
apply pre-load to the bearing 42. 

50 [0068] The serrated portions 57 and 58 of the hub ring 
41 and the joint outer ring 51 are in a loose-fit condition 
in an assembling process for convenience of assembly 
of a bearing device; however, with constitutions de- 
scribed below, they are made to be in a tight-fit condition 

55 when the assembling is completed. A hollow portion , or 
a through hole 83, is formed in an axial direction in the 
small-diameter portion 81 of the hub ring 41 , and a steel 
ball 82, which is a rolling element for bearing, is pushed 
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into the through hole 83. For the steel ball 82, a steel 
ball having an outside diameter slightly larger than a 
bore diameter of the through hole 83 is used. By pushing 
the steel ball 82 in, the small-diameter portion 81 of the 
hub ring 41 is expanded by plastic deformation from the 
bore diameter side toward the outside diameter side, the 
fit between the serrated portions 57 and 58 that has 
been in a loose-fit condition is brought to a tight-fit con- 
dition by expanding and swaging. Beside the steel ball 
82, a diameter-expanding member such as a cylindrical 
roller can be used for expanding the diameter of the 
small-diameter portion 81 of the hub ring 41 . 
[0069] Further, a quench-hardened ring 84 is put onto 
the small-diameter portion 81 of the hub ring 41 and se- 
cured at a bottom portion of the mouth portion 56 of the 
joint outer ring 51 , the small-diameter portion 81 is plas- 
tically deformed by a conventional swaging method, and 
a swaged portion B5 with a conventional swaging meth- 
od serves to prevent the quench-hardened ring 84 from 
loosening. A conventional swaging method is suitable 
for the purpose in that the swaged portion 85 with a con- 
ventional swaging method is small in size and requires 
less space for a jig for a swaging operation than rocking 
die swaging method does. The quench-hardened ring 
84 works to improve the strength of a portion swaged 
by a conventional swaging method and to enhance the 
tightening force of the small-diameter portion 81 through 
the diameter expansion by pushing the steel ball 82 in, 
and constitutes a diameter-expanding and -swaging 
portion by forming a portion with projections and depres- 
sions such as knurled surface on a bore surface. 
[0070] Fixing together the hub ring 41 and the joint 
outer ring 51 by applying both diameter-expansion 
swaging and conventional swaging methods at the 
same time is made as shown in Fig. 2 and Fig. 3. Fig. 2 
is a state before the swaging, and Fig. 3 is a state after 
the swaging. 

[0071] As shown in Fig. 2, an assembly body 87 com- 
prising the hub ring 41 , the bearing 42 and the joint outer 
ring 51 is positioned on a fixedly arranged jig 86 for re- 
ceiving swaging load. A projection 88 integrally formed 
at the tip of the jig 86 for receiving swaging load is in- 
serted into the through hole 83 of the hub ring 41 , and 
a peripheral portion of the through hole 83 of the hub 
ring 41 is placed on a receiving surface 89 provided 
around the projection 88. By placing the peripheral por- 
tion of the through hole 83 of the hub ring 41 on the re- 
ceiving surface 89, a pressure receiving area for a swag- 
ing process is secured, and increase in the thickness of 
a pilot end surface found in a conventional constitution 
is avoided, and deformation of the wheel mounting 
flange is prevented. 

[0072] In a state in which the quench-hardened ring 
84 is put on the small-diameter portion 81 of the hub ring 
41 and is placed at a bottom portion of the mouth portion 
56 of the joint outer ring 51 , the steel ball 82 is placed 
at the through-hole opening portion of the small-diame- 
ter portion 81 of the hub ring 41, and on the steel ball 



82 is arranged a jig 90 for a conventional swaging meth- 
od. The jig 90 for a conventional swaging method inte- 
grally has at its center tip portion a stick-out-shaped 
steel ball receiving portion 91 , an annular concave por- 
5 tion 92 is provided outside the steel ball receiving portion 
91 , and a ring receiving portion 93 is provided outside 
the annular concave portion 92. 
[0073] By lowering the jig 90 for a conventional swag- 
ing method, the steel ball 82 that contacts the steel ball 
10 receiving portion 91 is pressed into the through hole 83 
of the hub ring 41 . The steel ball 82 has an outside di- 
ameter slightly larger than an inside diameter of the 
through hole 83, so that the small-diameter portion 81 
of the hub ring 41 is expanded from an inside diameter 
is side toward an outside diameter side by the steel ball 
82, a swaged portion produced by the diameter expan- 
sion is formed between the small-diameter portion 81 of 
the hub ring 41 and the knurled portion on a bore surface 
of the quench-hardened ring 84, and the fit condition of 
serrated portions 57 and 58 that has been in a loose-fit 
condition becomes a tight-fit condition, When the steel 
ball 82 is pushed into near the deepest position in the 
through hole 83, the ring receiving portion 93 of the jig 
90 for a conventional swaging method presses the 
quench-hardened ring 84, and the annular concave por- 
tion 92 swages the small-diameter portion 81 of the hub 
ring 41 . 

[0074] When the hub ring 41 has sufficient rigidity 
against moment load, the steel ball 82 pushed inside in 
the diameter expansion process may be drawn out- 
board after the swaging. If the hub ring 41 may not have 
sufficient rigidity against moment load, it is so constitut- 
ed that the steel ball 82 remains in the through hole 83 
of the hub ring 41 after the swaging, facilitating to secure 
enough rigidity against moment load. As described 
above, the steel ball 82 functions as a reinforcing mem- 
ber of the hub ring 41 , and it also prevents entry of water 
or foreign matter from outside or leakage of grease con- 
tained inside. With regard to swaging of the small-diam- 
eter portion 81 of the hub ring 41 , it is difficult to secure 
a space for rocking die swaging, because inside space 
of the mouth portion 56 of the joint outer ring 51 is lim- 
ited. Therefore, a conventional swaging method is suit- 
able for the purpose described above, which allows 
make the swaging portion 85 smaller. 
[0075] Next, Fig. 4 shows a second embodiment, a 
modified example of the first embodiment. In a bearing 
device of the second embodiment, a portion 57* with pro- 
jections and depressions is formed by a process such 
as knurling on an outside periphery of the small-diame- 
ter portion 81 of the hub ring 41 . The stem portion 59 of 
the joint outer ring 51 is fitted onto the small-diameter 
portion 81 of the hub ring 41 , and the portion 57* with 
projections and depressions of the small-diameter por- 
tion 81 is made to bite into the stem portion 59 to be 
fitted them to each other, and thereby torque transmis- 
sion from the joint outer ring 51 to the hub ring 41 is 
enabled. For both the purposes of the torque transmis- 
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sion and the fixing (or maintaining bearing pre-load), a 
constitution is provided in which the outside diameter of 
the small-diameter portion 81 of the hub ring 41 is di- 
rectly fixed to a bore of the stem portion 59 of the joint 
outer ring 5 1 with diameter expansion swaging using the 
steel ball 82. The portion with projections and depres- 
sions may be formed on an inside periphery of the stem 
portion 59 of the joint outer ring 51 . 
[0076] The diameter expansion swaging using the 
steel ball 82 may be made in the same manner as that 
of the first embodiment. In an assembling process, the 
hub ring 41 and the joint outer ring 51 are in a loose-fit 
condition through the portion 57* with projections and 
depressions for convenience of assembling of a bearing 
device; however, when the assembling is completed, 
they are made to be a tight-fit condition by diameter ex- 
pansion swaging using the steel ball 82. 
[0077] An annular groove 94 is formed on an outside 
periphery of an end portion of the small-diameter portion 
81 of the hub ring 41 , and a snap ring 95 is fitted in the 
annular groove 94 for preventing the hub ring 41 from 
loosening. The snap ring 95 is not necessarily required, 
and it can be omitted if the fixing of the hub ring 41 and 
the joint outer ring 51 in an axial direction can be 
achieved by diameter expansion swaging using the 
steel ball 82 depending on the shape of a portion with 
projections and depressions formed on an outside pe- 
riphery of the small diameter portion 81 of the hub ring 
41 or an inside periphery of the joint outer ring 51 . With- 
out the snap ring 95, shortening a dimension in the axial 
direction is realized more easily. 
[0078] At the outboard opening portion of the through 
hole 83 of the hub ring 41 , a cap 96 made of light weight 
galvanized steel or resin both of which are excellent in 
corrosion resistance is installed for preventing entry of 
muddy water from outside or leakage of grease con- 
tained inside. A pilot portion 97 having a wheel guide 
portion and a brake guide portion is integrally formed at 
an outboard end portion of the hub ring 41 ; however, a 
constitution with the separate pilot member 40 (see Fig. 
1 ) presented in the first embodiment may substitute this. 
[0079] Fig. 5 shows a third embodiment in which a 
bearing device is of a type separable by removing a bolt. 
In this bearing device of a third embodiment, an inner 
ring 75, a separate element from a hub ring 41 ', is fitted 
onto a small-diameter portion 74 provided at the inboard 
side end of the hub ring41\ and an inboard inner race- 
way 45 is formed on an outside periphery of the inner 
ring 75. The inner ring 75 is pressed into position with 
an appropriate interference to prevent creeping from oc- 
curring. An outboard inner raceway 44 formed on an out- 
side periphery of the hub ring 41 ' and the inboard inner 
raceway 45 formed on the outside periphery of the inner 
ring 75 constitute double-row inner raceways. The inner 
ring 75 is pressed onto the small-diameter end portion 
74 of the hub ring 41', a projected end portion of the 
small-diameter end portion 74 of the hub ring 41 ' is 
swaged through plastic deformation at a swaged portion 



76 outwardly, and the swaged portion 76 serves to pre- 
vent the inner ring 75 from loosening, and to apply pre- 
load to the bearing 42. 

[0080] The joint outer ring 51 comprises the mouth 

s portion 56 storing the joint inner ring 52, the ball 53 and 
the cage 54, and the stem portion 59, integrally extend- 
ing in an axial direction from the mouth portion 56, with 
the serrated portion 57 being formed thereon. The stem 
portion 59 is inserted into the through hole of the hub 

10 ring 41 \ and by fitting them to each other with the ser- 
rated portion 57 and 58 formed respectively on an out- 
side periphery of the stem portion 59 and on an inside 
periphery of the through hole, transmission of torque 
from the stem portion 59 to the hub ring 41 ' is enabled, 

13 The stem portion 59 of the joint outer ring 51 is inserted 
through the through hole of the hub ring 41 ', a bolt 72 is 
engaged in a threaded hole 77 formed in the stem por- 
tion 59, and thereby the joint outer ring 51 is fixed to the 
hub ring 41 \ Because the swaged portion 76 of the hub 

20 n'ng 41 1 serves to prevent loosening of the inner ring 75 
and apply pre-load to the bearing 42, tightening torque 
of the bolt 72 is set at a level that is necessary and suf- 
ficient for preventing the joint outer ring 51 from loosen- 
ing from the hub ring 41'. 

25 [0081] In this third embodiment, a hollow portion, or 
the through hole 83, is formed in the stem portion 59 of 
the joint outer ring 51 , and the steel ball 82 having the 
outside diameter slightly larger than the inside diameter 
of the through hole 83 is pushed into the through hole 

30 83 from a bottom side of the mouth portion 56. Pushing 
in of the steel ball 82 expands the stem portion 59 from 
the inside diameter side toward the outside diameter 
side, and this diameter expansion swaging makes a fit 
condition between the serrated portion 57 and 58, which 

35 has been in a loose-fit condition, a tight-fit condition, and 
at the same time, pilot portions 57™ and 58" formed re- 
spectively on an outside periphery of the stem portion 
59 and on an inside periphery of the through hole 83 are 
also fitted with the diameter expansion. A plug 98 can 

40 be screwed in at an opening of a mouth portion of the 
through hole 83 for preventing the steel ball 82 from 
loosening; however, the plug 98 may not be installed for 
easiness of disassembling the hub ring 41 1 and the bear- 
ing 42 from the constant velocity universal joint 43. 

<s [0082] The diameter expansion by using the steel ball 
82 may be made in the same manner as that of the first 
and the second embodiments. The serrated portions 57 
and 58 of the hub ring 41 ' and the joint outer ring 51 are 
in a loose-fit condition in an assembling process for con- 

50 venience of assembling of a bearing device; however, 
when the assembling is completed they are brought to 
a tight-fit condition by diameter expansion swaging us- 
ing the steel ball 82. The hub ring 41 1 is plastically de- 
formed in the diameter expansion swaging in the first 

55 and second embodiments, however, in the third embod- 
iment, diameter expansion swaging is made within the 
range of elastic deformation of the stem portion 59. By 
doing so, the steel ball 82 is pushed out toward inboard 
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side in disassembling, and the serrated portions 57 and 

58 respectively of the hub ring 41 1 and the stem portion 

59 can be returned to a loose-fit condition, making dis- 
assembly easier 

[0083] A bearing device of a fourth embodiment is s 
shown in Fig. 6. The fourth embodiment differs from the 
third embodiment as described below. In the third em- 
bodiment, the plug 98 is screwed in at the opening of 
the mouth portion of the through hole 83 to prevent loos- 
ening of the steel ball 82, while In the fourth embodi- 10 
ment, an end cap 99 made of steel is fitted at the opening 
of the mouth portion of the through hole 83. With this 
constitution, the end cap 99 serves to prevent loosening 
of the steel ball 82 and leakage of grease, and disas- 
sembly is also made easier. is 
[0084] Fig. 7 shows a bearing device of a fifth embod- 
iment. In the fifth embodiment, a hollow portion 83* is 
formed at an outboard end portion of the stem portion 
59 of the joint outer ring 51 , and the joint outer ring 51 
is fixed to the hub ring 41 ' by engaging a bolt 72 into the 20 
threaded hole 77 formed at a bottom portion of the hol- 
low portion 83'. A quench-hardened ring 100 is installed 
at a base portion of the bolt 72, the quench-hardened 
ring 1 00 is pushed in by tightening the bolt 72 to expand 
the stem portion 59 from an inside diameter side toward 25 
the outside diameter side within the range of elastic de- 
formation, and thereby a fit condition between the ser- 
rated portions 57 and 58 that has been in a loose-fit con- 
dition is brought to a tight-fit condition by the diameter 
expansion swaging. 30 
[0085] A ring 1 00' may be unitized with the bolt 72 as 
a sixth embodiment shown in Fig. 8. Also, it may be so 
constituted that a cage 101 is used instead of the ring 
as a seventh embodiment shown in Fig. 9, and the stem 
portion 59 is expanded from the inside diameter side 35 
within the range of elastic deformation toward the out- 
side diameter side by tightening the bolt 72 to push in a 
plurality of steel ball 82' disposed at circumferenttally 
equal intervals with the cage 1 01 . Further, it may be so 
constituted that a ring 1 02 with a cross section having *o 
a circular arc is installed on the bolt 72 as shown in an 
eighth embodiment in Fig. 1 0, an inside diameter of a 
through hole to which the ring 1 02 arc contacts is made 
to be a tapered receiving surface 103 of which diameter 
shrinks from the outboard side toward the inboard side, 
the ring 1 02 arc is pushed in by tightening the bolt 72 to 
expand the stem portion 59 is expanded from the inside 
diameter side within the range of elastic deformation to- 
ward the outside diameter side. 

[0086] Next, a bearing device of a ninth embodiment so 
is shown in the Fig. 11. In the ninth embodiment, the 
threaded hole 77 is formed at an outboard end portion 
of the through hole 83 of the stem portion 59, and a ta- 
pered portion 104 connecting through to the threaded 
hole 77 is formed. The tapered portion 104 has a bore 55 
of which diameter shrinks from the outboard side having 
a diameter substantially equal to the outside diameter 
of the steel ball 82 toward the inboard side having a di- 
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ameter smaller than the outside diameter of the steel 
ball 82. By tightening the bolt 72, the steel ball 82 is 
pushed into the tapered portion 1 04 of the through hole 
83 from the outboard side toward inboard side, the bore 
of the stem portion 59 is expanded in the range of elastic 
deformation toward the outside diameter side, and by 
this diameter expansion swaging, a fit condition be- 
tween the serrated portions 57 and 58 that has been in 
a loose-fit condition is brought to a tight-fit condition. 
[0087] Fig. 12 shows a bearing device of a tenth em- 
bodiment. The tenth embodiment differs from the ninth 
embodiment such that described below. Instead of pro- 
viding a tapered bore portion connected through to the 
threaded hole 77 in the through hole 83 of the stem por- 
tion 59, a straight bore portion having a diameter slightly 
smaller than the outside diameter of the steel ball 82 is 
provided in the through hole 83, and an end cap 105 
that serves to prevent loosening of the steel ball B2 and 
leakage of grease is installed. In the tenth embodiment, 
by pushing out the steel ball together with end cap 1 05 
in disassembling, the serrated portion 57 and 58 of the 
hub ring 41 ' and the stem portion 59 are allowed to re- 
turn to a loose-fit condition, so that the disassembly is 
carried out easier. 

[0088] Fig. 13 shows a bearing device of an eleventh 
embodiment. In the eleventh embodiment, a tubular 
member 1 06 for applying pre-load to the bearing 42 is 
fitted to the hub ring 41' through serrated portions 57a 
and 58a and is swaged to be fixed in position by plasti- 
cally deforming an outboard end portion of the hub ring 
41'. A serrated portion 57b is formed on an outside pe- 
riphery of the outboard end portion of a joint outer ring 
51', a serrated portion 58b is formed on a bore surface 
of an large-diameter inboard end portion of the tubular 
member 106, and by fitting the joint outer ring 51' and 
the tubular member 1 06 to each other through the ser- 
rated portions 57b and 58b, transmission of torque from 
the joint outer ring 5V to the hub ring 4V is enabled. A 
bolt 72' inserted through the tubular member 106 is en- 
gaged with the joint outer ring 51 ' at a threaded hole 77' 
and the cage 101 is stored in an annular space formed 
between the inboard end portion of the bolt 72' and the 
joint outer ring 5V. 

[0089] In the eleventh embodiment, the hub ring 41 ' 
and the joint outer ring 51' are joined and unitized to- 
gether by tightening the bolt 72' via the tubular member 
1 06, and the joint outer ring 51 ' is, through the tightening 
of the bolt 72', expanded from the inside diameter side 
toward the outside diameter side in the range of elastic 
deformation by pressing and securing in position a plu- 
rality of the steel ball 82' disposed at circumferential ly 
equal intervals by the cage. Thus, a fit condition be- 
tween the serrated portions 57b and 58b that has been 
in a loose-fit condition is made to be a tight-fit condition. 
In disassembling, the steel balls 82' in the cage 101 is 
released from the pressed-in state by removing the bolt 
72', the fit condition of the serrated portions 57b and 58b 
of the joint outer ring 51' and the tubular member 106 
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can be returned to a loose-fit condition. 
[0090] Next, Fig. 14 is a twelfth embodiment showing 
a bearing device, a type separable by removing a nut. 
In the twelfth embodiment, a small-diameter portion 1 07 
has a diameter smaller than that of a part on which the s 
serrated portion 57 fitting to the serrated portion 58 of 
the hub ring 41 ' is formed. The small-diameter portion 
107 is integrally provided on the stem portion 59 of the 
joint outer ring 51 , a portion with projections and depres- 
sions, or a serrated portion 108, for example, is formed n> 
on the outside periphery of the small-diameter portion 
1 07, and as shown in Figs. 1 5(a) and 1 5(b), a ring mem- 
ber 1 09 made of steel is installed between the serrated 
portion 108 on the small-diameter portion 107 and the 
serrated portion 58 on the hub ring 4V. The ring member *5 
109 is such that a plurality of tongue pieces 110 having 
a shape curved toward the inside diameter side are ar- 
ranged at the outboard side thereof at circumferentially 
equal intervals, and a plurality of tongue pieces 111 hav- 
ing a shape curved toward the outside diameter side are 20 
disposed at the inboard side thereof at circumferentially 
equal intervals. The ring member 1 09 is quench-hard- 
ened. 

[0091 ] By pressing the ring member 1 09 into between 
the serrated portion 1 08 on the small-diameter portion 25 

107 of the stem portion 59 and the serrated portion 58 
on the hub ring 41\ the tongue pieces 110 and 111 are 
engaged and coupled with both the serrated portions 

1 08 and 58, thereby play between the serrations 57 and 

58 respectively of the stem portion 59 and the hub ring 30 
41' is prevented. As a thirteenth embodiment shown in 
Fig. 15 (c), when the ring member 109' is made in a 
shape so that its outboard side is extended in an axial 
direction to contact with an end surface of the nut 73, 

the end surface of the nut 73 can press the ring member 35 
109' into the inboard side when the nut 73 is tightened, 
which facilitates the pressing of the ring member 1 09'in- 
to between the serrated portion 1 08 on the small-diam- . 
eter portion 1 07 of the stem portion 59 and the serrated 
portion 58 on the hub ring 41'. 40 
[0092] Fig. 1 6 and Fig. 1 7 (a) show a fourteenth em- 
bodiment, a modified example of the twelfth and thir- 
teenth embodiments. In the thirteenth embodiment, the 
ring member 1 09' is pressed and fixed by tightening the 
nut 73, while in a bearing device of the fourteenth em- 45 
bodiment, the ring member 1 09" is pressed and fixed by 
a circlip 1 1 2 installed on the axial end of the stem portion 

59 of the joint outer ring 51 . A curved press-down portion 
1 1 3 is integrally and extendedly provided at an outboard 
end portion of the ring member 1 09", and the ring mem- so 
ber 1 09" is pressed into position through the press-down 
portion 113 when the circlip 112 is installed. 

[0093] Also, as a fifteenth embodiment shown in Fig. 
17(b), when, in installing the circlip 112, the press-down 
portion 113 of the ring member 109" is compressed in 55 
an axial direction and fixed in position in an elastically 
deformed state, movement of the stem portion 59 of the 
joint outer ring 51 in an axial direction can be prevented. 



Further, in a constitution in which an elastic member 1 1 4 
such as a rubber is stored and held in the press-down 
portion 113 of the ring member 109" as a sixteenth em- 
bodiment shown in Fig. 17 (c), the press-down portion 
113 of the ring member 109" is compressed in an axial 
direction and fixed in position in an elasttcaily deformed 
state in the same manner as in the fifteenth embodi- 
ment, and thus the elastic member 114 makes the in- 
stallation of the circlip easier. 

[0094] In the embodiments from the fourteenth to six- 
teenth, the ring member 109" is fixed by the circlip 112 
considering convenience for disassembling; however, 
as shown by the embodiments from seventeenth to 
nineteenth in Figs. 18(a)-18(c), it may also be so con- 
stituted that, a groove 115 with sharp bottom comers is 
formed on an outside periphery of the stem portion 59 
instead of using the circlip 112, and an end portion of 
the press-down portion 113 of the ring member 109" is 
engaged and coupled with the groove 115 with sharp 
bottom comers. 

[0095] Each of the embodiments from the seven- 
teenth to the nineteenth shown in Figs. 18(a) to 18(c) 
corresponds to each of the embodiments from the four- 
teenth to the sixteenth shown in Figs. 17(a) to 1 7(c). As 
shown in a twentieth embodiment in Fig. 18(d), the con- 
stitution may also be such that an end portion of the 
press-down portion 113 of the ring member 109" is of a 
shape that inclines toward its axis so that it can be en- 
gaged and coupled with the groove 115 with sharp bot- 
tom comers on the stem portion 59. Also, by providing 
slits at parts indicated by arrows in Figs. 18(a) to 18(c), 
the press-down portion 113 on the ring member 109" is 
more easily engaged and coupled with the groove 115 
having sharp bottom corners on the stem portion 59, and 
thereby workability in installing the ring member 109" is 
improved. 

[0096] Fig. 1 9 is a twenty-first embodiment of a bear- 
ing device. In the twenty-first embodiment, as shown in 
Fig. 20, fine teeth 117 and 118 that lock the nut 73 
against a loosening direction are formed on an outboard 
end surface of a ring member 116 press-fitted in ad- 
vance into the through hole of the hub ring 41 1 and on 
the end surface of the nut 73 that engages with the stem 
portion 59. 

[0097] In the twenty-first embodiment, play between 
the serrated portions 57 and 58, respectively of the stem 
portion 59 and the hub ring 41', can be prevented by 
tightening the nut 73 through the ring member 116, and 
at the same time, the teeth 1 1 7 and 1 1 8 biting each other 
between the nut 73 and the ring member 116 also real- 
izes prevention for loosening the nut 73. The ring mem- 
ber 1 1 6 may be either of sintered material or steel. Also, 
it may be constituted in such a way that, as shown in a 
twenty-second embodiment in Figs. 21(a) and 21(b), a 
nut 73* is of steel, brim portions 120 raised toward the 
ring- plate side are formed on a seat surface 119 of the 
nut 73* , and the brim portions 1 20 are engaged and cou- 
pled with the teeth 1 1 7 of the ring member 1 1 6. 
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[0098] With regard to play between the serrated por- 
tions 57 and 58 of the stem portion 59 and the hub ring 
4V with respect to tightening torque applied either by a 
boit or a nut, Fig. 22 shows characteristics of a conven- 
tional constitution and Fig. 23 shows those of a consti- 
tution according to the invention. Comparing both char- 
acteristics, it is obviously understood that, in a constitu- 
tion according to the invention, play between the serrat- 
ed portions 57 and 58 of the stem portion 59 and the 
hub ring 41* is more controlled in a constitution of the 
invention than a conventional constitution. 
[0099] In a bearing device of a separable type in which 
the hub ring 41' and the bearing 42 are unitized and the 
constant velocity universal joint 43 is fixed to the hub 
ring 41' with a nut, the inboard and portion of the hub 
ring 41 ' is swaged as described above, and the swaged 
portion 76 prevents loosening of the inner ring 75 and 
applies pre-load to the bearing 42, in which the center 
position of the constant velocity universal joint 43 is 
shifted toward the inboard side by the amount of thick- 
ness dimension of the swaged portion 76. That is, in a 
font-wheel-drive front-wheel-steer vehicle, aligning the 
center position of the constant velocity universal joint 43 
and the center position of a kingpin becomes difficult, 
which spoils freedom in design. 
[01 00] A bearing device of a twenty-third embodiment 
shown in Fig. 24 presents means to minimize the shift 
of the center position of the constant velocity universal 
joint 43 caused by the swaged portion 76 of the hub ring 
4V. The number of torque transmission balls installed 
between the joint outer ring and joint inner ring of a con- 
stant velocity universal joint is generally six, while in the 
twenty-third embodiment, eight pieces of the torque 
transmission balls are installed between the joint outer 
ring 51 and joint inner ring 52 of the constant velocity 
universal joint 43. Using eight pieces of torque transmis- 
sion balls 53* allows to make the outside diameter of 
each torque transmission ball 53' smaller, and the di- 
mension of the constant velocity universal joint 43 in an 
axial direction can be shortened by the reduced diame- 
ter dimension, so that the shift of the center position of 
the constant velocity universal joint 43 can be mini- 
mized. 

[0101] As other means to minimize the shift of the 
center position of the constant velocity universal joint, a 
twenty-fourth embodiment shown in Fig. 25 or a twenty- 
fifth embodiment shown in Fig. 26 are presented. In the 
twenty-fourth and twenty-fifth embodiments, a diameter 
of an inner ring 75' is made larger by increasing the 
thickness of the inner ring 75' of the bearing 42 in a radial 
direction, thereby the pitch circle diameter (PCD) of in- 
board rolling elements 66' is made larger than that of 
the outboard rolling elements 65 to shorten a ball pitch 
distance until an installation span is equal. By doing so, 
the inboard rolling elements 66* can be moved to the 
outboard side, so that the dimension of the constant ve- 
locity universal joint 43 in the axial direction can be 
shortened by the dimension moved, minimizing the shift 



of the center position of the constant velocity universal 
joint 43. The outside diameter of the inboard rolling el- 
ements 66* may be made smaller than that of the out- 
board rolling elements. 

5 [0102] In a twenty-fourth embodiment shown in Fig. 
25, an annular space 121 at a concave portion is pro- 
vided in a part at the joint outer ring 51 with which the 
swaged portion 76 contacts, and the swaged portion 76 
of the hub ring 41* is stored in the space 121 at a con- 

10 cave portion. Further, in a twenty-fifth embodiment 
shown in Fig. 26, because the thickness in a radial di- 
rection of the inner ring 75* becomes thicker, a concave 
portion 122 is formed on the inboard end portion of the 
inner ring 75*, and the swaged portion 76 of the hub ring 

is 41 ' is stored in the concave space 121 of the joint outer 
ring 51 and in the concave portion 122 of the inner ring 
75'. With the constitution described above, the length in 
an axial direction of the constant velocity universal joint 
43 can be shortened, and thereby the shift of the center 

20 position of the constant velocity universal joint 43 can 
be minimized. In the constitutions described above, an 
outside circumferential portion around the concave 
space of the joint outer ring 51 is made to contact with 
an inboard end portion 123 of the inner ring 75', and 

25 thereby moment load applied to the bearing can be sup- 
ported, and the rigidity of the entire unit is enhanced. 
[01 03] A bearing device shown as a twenty-sixth em- 
bodiment in Fig. 27 is for a driving wheel, and a shaft- 
shaped portion 145 having a fitting surface 144 on its 

30 outside periphery is formed at a position more inboard 
side than the flange 46 of the hub ring 41 . The inboard 
end portion of the shaft-shaped portion 145 is extended 
to a position beyond the inboard inner raceway 45. A 
solid-shaped hub ring is shown in the figure as an ex- 

35 ample of the hub ring 41 ; however, it may be a hollow- 
shaped for a weight-lightening purpose. 
[0104] The joint outer ring 51 is composed of the 
mouth portion 56 formed with the track groove 49 on its 
inside periphery, and the hollow stem portion 59 extend- 

40 ing toward the outboard side of the mouth portion 56. 
The stem portion 59 is provided with the inboard inner 
raceway 45 on an outside periphery near the mouth por- 
tion 56. A tubular fit surface 147 is formed on an inside 
periphery at the outboard end portion of the stem portion 

45 59. 

[0105] In the twenty sixth embodiment, an inner ring 
146 is fitted and fixed on an outside periphery of the joint 
outer ring 51. The inner ring 146 is provided with the 
outboard inner raceway 44 on its outside periphery and 
so is pressed onto an outside periphery of the outboard end 
portion of the stem portion 59 with an interference that 
is necessary and sufficient to prevent creeping from oc- 
curring. 

[0106] The joint outer ring 51 is fitted onto an outside 
55 periphery of the shaft-shaped portion 1 45 of the hub ring 
41 with the inner ring 146 being pressed and fixed onto 
an outside periphery of the stem portion 59. At this time, 
by engaging the serrated portion 57 formed on an out- 
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side periphery of the shaft-shaped portion 1 45 of the hub 
ring 41 with serrated portion 58 formed on an inside pe- 
riphery of the stem portion 59 of the joint outer ring 51 , 
torque transmission is made between the joint outer ring 
51 and the hub ring 41 through the serrated portions 57 
and 58. 

[0107] On the outboard side of the serrated portions 
57 and 58, a fit portion 148 is formed in which the fit 
surface 1 47 of the joint outer ring 51 and the fit surface 
144 of the hub ring 41 are fitted to each other. In the fit 
portion 148, because the fit surfaces 144 and 147 are 
fitted to each other without play with an interference fit, 
radial load is securely transmitted between the hub ring 
41 and the joint outer ring 51 , thereby radial rigidity of 
the bearing is increased. 

[01 08] As described above, when a tubular end por- 
tion (or a portion to be swaged) of the hub ring 41 pro- 
jecting in the mouth portion 56 is plastically deformed 
toward outside diameter side by using means such as 
rocking die swaging after the joint outer ring 51 is frtted 
onto the hub ring 41 , a swaged portion 1 49, a plastically 
deformed portion couples with an end portion of the joint 
outer ring 51 , pushes the joint outer ring 51 into the out- 
board side. As a result, a front surface of the inner ring 
1 46 contacts with a shoulder surface 1 50 formed on the 
stem portion 59 of the joint outer ring 51 , a back surface 
of the inner ring 146 contacts with a surface extending 
in a radial direction of the hub ring 41, the hub ring 41 
and the joint outer ring 51 are positioned in an axial di- 
rection, so that the dimension between the inner race- 
ways 44 and 45 is defined, and at the same time, pre- 
load is applied to the bearing 42. 
[0109] In the twenty-sixth embodiment shown in Fig. 
27, the joint outer ring 51 is fitted onto the hub ring 41 
as described above. Therefore, the dimensions of the 
serrated portions in a radial direction are not limited to 
under the bore diameter dimension of the hub ring 41 , 
and the diameters of the serrated portions 57 and 58 
can be enlarged. This allows to shorten the lengths in 
an axial direction of the serrated portions 57 and 58, and 
to make a bearing device more compact in size. 
[0110] Also, because an inboard end portion of the 
hub ring 41 is extended beyond the position of the in- 
board inner raceway 45, moment load from a wheel act- 
ing on the hub ring 41 can be supported not only by the 
outboard bearing, but also by the inboard bearing. Be- 
cause moment load is supported by a double-row bear- 
ing as described above, problems such as insufficient 
rigidity of the hub ring 41 , loosening at the swaged por- 
tion 149 and the like, which occur in a bearing device 
that supports moment load mainly by an outboard bear- 
ing, are not involved, and moment rigidity of the entire 
bearing device is improved. 

[0111] In a bearing device in which an outboard inner 
raceway is formed on a hub ring, the hub ring functions 
itself as a raceway of a common rolling-element bearing. 
Therefore, the hub ring is made of expensive steel for 
bearing, or extremely purified steel, and particularly of 



high-carbon steel advantageous for securing hardena- 
bility and hardness of a raceway surface, which signifi- 
cantly raises material costs. Additionally, in a constitu- 
tion that requires swaging of an end portion of the hub 
5 ring, because of characteristics of high-carbon steel, the 
portion to be swaged must be treated with annealing or 
thermal refining for easier swaging operation, which al- 
so raises production costs. 

[0112] Contrary to this, in the twenty-sixth embodi- 
10 ment shown in Fig. 27, the outboard inner raceway 44 
is formed on the inner ring 1 46, a separate element from 
the hub ring 41 , and neither of the outboard inner race- 
way 44 nor the inboard inner raceway 45 is provided on 
the hub ring 41 . Therefore, no consideration is required 
is for hardenabiiity or the hardness of the inner raceway 
in selecting material for the hub ring 41 , and extremely 
purified steel or high-carbon steel is not necessary to be 
used. As a result, steel material containing carbon in a 
degree similar to that of steel for normal use may be 
used as a material of the hub ring 41 to prevent material 
costs from rising. Also, steel of low- to medium -carbon 
content such as S 1 5C to S50C (preferably S45C) as de- 
fined in J IS (Japanese Industrial Standards) may be 
used to lower the hardness of the portion to be swaged 
so that workability in swaging operation is improved. In 
this case, an appropriate thermal refining treatment may 
be applied to the steel material to improve its character- 
istics such as fatigue strength and others. Addition of 
boron in the material further improves fatigue strength 
after thermal refining. Even when a thermal refining 
treatment is not applied, addition of an element such as 
vanadium improves the fatigue strength of a material. 
[0113] Fig. 28 shows a twenty-seventh embodiment, 
which differs from the embodiment in Fig. 27 in that the 
inner ring 146 is fitted onto an outside periphery of the 
hub ring 41 and is butted with an end portion of the joint 
outer ring 51. In this case, the inner ring 146 is posi- 
tioned by making the front surface of the inner ring 146 
to contact with an end portion of the joint outer ring 51 
and making the back surface of the inner ring 146 to 
contact with a surface of the hub ring 41 extending in a 
radial direction. In this embodiment, because the stem 
portion 59 of the joint outer ring 51 is fitted onto the shaft- 
shaped portion 145 of the hub ring 41 through the ser- 
rated portions 57 and 5B, shortening in the dimension 
in an axial direction of the serrated portions 57 and 58 
is achieved by enlarging the diameters, and moment ri- 
gidity is improved by supporting moment load with a 
doubte-row bearing. Also, because the hub ring 41 is 
not provided with an inner raceway, the hub ring 41 is 
not necessary formed with steel for bearing, so that pro- 
duction costs are reduced. 

[0114] A twenty-eighth embodiment in Fig. 29 shows 
a modified example of the coupling constitution of the 
hub ring 41 and the joint outer ring 51 , in which the inner 
ring 146 is fitted onto the outside periphery of the hub 
ring 41 in the same manner as the embodiment shown 
in Fig. 28, a portion 151 with projections and depres- 
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sions is provided (the range where the portion 151 with 
projections and depressions is provided is indicated with 
V marks) in a fit region of the hub ring 41 and the joint 
outer ring 51, the fit region of the hub ring 41 and the 
joint outer ring 51 including the portion 151 with projec- 
tions and depressions is partly applied with diameter ex- 
pansion (or diameter shrinkage) to plastically couple the 
hub ring 41 and the joint outer ring 51 with each other. 
Fig. 29 shows an example in which the hub ring 41 
formed in a hollow shape is partly applied with diameter 
expansion, however, they may also be plastically cou- 
pled by partly shrinking the diameter of the joint outer 
ring 51 with the portion 1 51 with projections and depres- 
sions being involved. 

[0115] In this joining constitution, because the diam- 
eter of the hub ring 41 is expanded (or the diameter of 
the joint outer ring is shrunk), the portion 151 with pro- 
jections and depressions bites into the mating surface, 
so that the hub ring 41 and the joint outer ring 51 are 
joint in a state in which torque transmission is possible, 
and a solid coupling constitution is provided which will 
not loosen even under an excessive moment load. The 
joining constitution provides the serrated portion 57 and 
58, and the swaged portion 149, shown in Fig. 27 and 
Fig. 28, on a common part, and it allows to make the 
dimension in an axial direction of a bearing device short- 
er than a case in which the serrated portions 57 and 58 
are independently formed. 

[01161 The portion 151 with projections and depres- 
sions may be made in any shape. For example, it may 
be a knurled surface or maybe teeth that extend in an 
axial direction (such as serration or spline) formed on a 
plurality of places in a circumferential direction. Also, the 
portion 151 with projections and depressions is prefer- 
ably hardened with a heat treatment so that it has ex- 
cellent bite-in capability for coupling. When the portion 

1 51 with projections and depressions is hardened as de- 
scribed above and is used on an element of which di- 
ameter is expanded or shrunk, the portion 151 with pro- 
jections and depressions may crack during swaging as 
the diameter is expanded or shrunk. Therefore, the por- 
tion 1 51 with projections and depressions is preferably 
formed on a member that is not subjected to diameter 
expansion (or diameter shrunk), or for example, formed 
on an inside periphery of the joint outer ring 51 of this 
embodiment. 

[0117] In the twenty-eighth embodiment in Fig. 29, an 
example of a constitution is shown, in which a snap ring 

152 fitted to the inboard end portion of the hub ring 41 
is couple with an end surface of the joint outer ring 51 
for strengthening a loosening prevention function; how- 
ever, the snap ring may be omitted if conditions allow 
(see Fig. 33 to Fig. 35). Further, Fig. 29 shows an ex- 
ample in which the inner ring 1 46 is fitted onto an outside 
periphery of the hub ring 41 ; however, the inner ring 1 46 
may be fitted onto an outside periphery of the joint outer 
ring 51 in the same manner as the embodiment shown 
in Fig. 27. 



[01 1 8] The hub ring 41 and the joint outer ring 5 1 may 
be joined each other in the joining constitution shown in 
Fig. 30. In a twenty-ninth embodiment in Fig 30, the hub 
ring 41 is formed in a hollow shape, one end portion of 
5 a connection member 1 53 fitted into an inside periphery 
of the hollow shape is swaged and plastically deformed. 
As shown in the figure, a coupling portion 154 is formed 
at the other end of the connection member 1 53, one end 
of the connection member 153 is swaged while making 
10 the coupling portion 1 54 couple with the joint outer ring 
51 , the swaged portion 149 produced by the swaging is 
coupled with the hub ring 41 , and thereby the hub ring 
41 and the joint outer ring 51 are surely joined. The same 
effect as described above is also obtainable when the 
is direction of the connection member 1 53 is reversed from 
that shown in the figure to couple the coupling portion 
154 with the hub ring 41 , and the swaged portion 149 is 
coupled with the joint outer ring 51 . 
[01 1 9] In Fig. 30, the outboard inner raceway 44 is di- 
rectly formed on the hub ring 41 ; however, it may be so 
constituted that the inner raceway 44 is formed on the 
inner ring 1 46, a separate element from the hub ring 41 , 
and the inner ring 146 is fitted onto an outside periphery 
of the hub ring 41 or the joint outer ring 51 . 
[0120] A thirtieth embodiment in Fig 31 is for a driving 
wheel, in which the joint outer ring 51 is fitted onto the 
hub ring 41 in the same manner as the embodiments 
shown in Fig. 27 to Fig. 30. In the embodiment shown 
in Fig. 30, in contrast to a bearing device in which spec- 
ifications of an outboard bearing are made to accord 
with those of an inboard bearing having tougher load 
conditions than the outboard bearing, the diameter of 
the outboard rolling elements 65 is made smaller than 
that of the inboard rolling elements and the pitch circle 
diameter of the outboard bearing is made smaller than 
that of the inboard bearing. By doing so, the dimension 
in a radial direction of the outboard outer raceway. 63 
becomes smaller, enabling lightening the weight of the 
bearing device. Also, the outside diameter of the outer 
ring 62 at the outboard side can be made smaller than 
that at the inboard side, a space for removing hub bolts 
47 is easily secured and freedom in design is improved. 
[0121] In this case, both the pitch circle diameter and 
the diameter of the rolling elements in the outboard side 
bearing are made smaller; however, the same effect is 
obtained when either the pitch circle diameter of the 
bearing or the diameter of the rolling elements is made 
smaller at the outboard side bearing, and the diameter 
not made smaller is made equal to that of the inboard 
side bearing. Fig. 31 shows an example in which the 
outboard inner raceway 44 is formed on an outside pe- 
riphery of the hub ring 41 in the same manner as the 
embodiment shown in Fig. 30. However, the inner ring 
1 46 having the outboard inner raceway 44 may be fitted 
onto the outside periphery of the joint outer ring 51 in 
the same manner as the embodiment shown in Fig. 27 
to Fig. 29. 

[0122] In the thirtieth embodiment shown in Fig. 31 , 
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an end surface of the stem portion 59 of the joint outer 
ring 51 is made to contact with the shoulder portion 1 50 
of the hub ring 41, the inboard end portion of the hub 
ring 41 is swaged, the swaged portion 149 is made to 
couple with an end portion of the joint outer ring 51 , and s 
thereby the hub ring 41 and the joint outer ring 51 are 
plastically joined. The joining constitution for joining the 
hub ring 41 and the joint outer ring 51 may be made in 
any form. For example, as a thirty-first embodiment 
shows in Fig. 32, the hub ring 41 and the joint outer ring 10 
51 may be plastically joined by partly expanding or 
shrinking the diameters in a fit region with the portion 
1 51 having projections and depressions being provided 
in the fit region of the hub ring 41 and the joint outer ring 
51 . Also, although a figure is not shown, the connection 15 
member 153 may be used to plastically join the hub ring 
41 and the joint outer ring 51 in the same manner as 
shown in Fig. 30. 

[01 23] The constitution described above in which dif- 
ferent dimensions are given to the pitch circle diameters 20 
or the rolling-element diameters at inboard and out- 
board sides is applicable not only to a bearing device 
for a driving wheel, but also to that for a driven wheel 
(not shown) . In a bearing device for a driven wheel, the 
hub ring 41 and the double-row bearing 42 are unitized, 25 
and the constitution is different from that of a driving 
wheel shown in Fig. 27 to Fig. 32 in that the constant 
velocity universal joint 43 is not provided in a bearing 
device for a driven wheel. In this kind of a bearing device 
for driven wheels, the outboard inner raceway 44 is gen- 30 
erally formed on an outside periphery of the hub ring 41 , 
and the inboard inner raceway 45 is formed on an inner 
ring fitted onto an outside periphery of the hub ring 41 . 
As described with reference to Fig. 29, if the hub ring 
41 ' is fitted onto an outside periphery of the joint outer 35 
ring 51 ' as a thirty-fifth embodiment in Fig. 36 at the time 
when the hub ring 41 and the joint outer ring 51 are plas- 
tically joined by diameter expansion swaging (or diam- 
eter shrinkage swaging), a plastically deformed portion . 
1 49' produced by swaging is inevitably disposed at more 40 
outboard side than the outboard inner raceway 44', cre- 
ating the following problems: 

Q) The joint outer ring 51 * becomes longer in an 
axial direction, which is against demands for 45 
weight-lightening, 

© Diameter expansion swaging is made by push- 
ing a punch 1 55 into an Inside periphery of the hub 
ring 41 ' . The push-in must be made in the direction 
in which the joint outer ring 51 ' and the hub ring 41 ' so 
couple with each other in an axial direction so that 
pre-load is given. In this case, push-in load must be 
received by a jig 156 disposed at an outboard end 
surface of the wheel mounting flange 46' of the hub 
ring 41'; however, accuracy in run-out of an end- ss 
surface of the wheel mounting flange 46' may be 
affected. 

® As described above, in diameter expansion 



swaging, a portion 1 51 ' with projections and depres- 
sions is preferably formed on an element at the out- 
erside, or on an inside periphery of the hub ring4V, 
and the portion is hardened by a heat treatment. In 
this case, heat treatment of the hub ring 41 1 must 
be applied to both an outside periphery including 
the inner raceway 44' and an inside periphery in- 
cluding the portion 151' with projections and de- 
pressions, and thereby heat-treatment costs are in- 
creased. 

[0124] Contrary to this, when the joint outer ring 51 is 
fitted onto an outside periphery of the hub ring 41 as 
shown in Fig. 29, the region of diameter expansion can 
be disposed at more inboard side than the outboard in- 
ner raceway 44. As a result, the joint outer ring 51 may 
be shortened in length in an axial direction, the weight 
is lightened and processing costs (costs of such as forg- 
ing and machining) are reduced. Diameter expansion 
swaging can be made by inserting a punch from the out- 
board side. Therefore, push-in load can be received by 
an end surface 51 a or a bottom 51 b of the mouth portion 
56 of the joint outer ring 51 , so that affect to run-out ac- 
curacy of an end surface of the wheel mounting flange 
46 is avoided. Further, because the portion 151 with pro- 
jections and depressions is formed on an inside periph- 
ery of the joint outer ring 51 , heat treatment is also ap- 
plied to the inside periphery of the joint outer ring 51 . 
However, as to the joint outer ring 51 , a heat treatment 
of the portion 151 with projections and depressions can 
be applied at the same time when a heat treatment of 
the track groove 49 that is originally expected to do is 
made. Therefore, the number of steps for a heat-treat- 
ment process does not increase, and rise in heat treat- 
ment costs is avoided. 

[0125] In Fig. 29, diameter expansion swaging is 
made at the bore side of the inboard inner raceway 45; 
however, as a thirty-second embodiment in Fig. 33 , di- 
ameter expansion swaging can be also made in the re- 
gion between the double-row raceways 44 and 45. In 
this case, the dimensions in an axial direction of both 
the hub ring 41 and the joint outer ring 51 can be short- 
ened, so that weight is further lightened. 
[0126] In a thirty-third embodiment in Fig. 34, diame- 
ter expansion swaging is made in the region between 
the inner raceways 44 and 45, and the fit portion 1 48 is 
disposed more to the inboard side than the position of 
the swaged portion 149, which differs from an embodi- 
ment shown in Fig. 33. In this case, the fit portion 148 
is not necessarily disposed in the region between the 
inner raceways 44 and 45, so that the distance between 
the inner raceways 44 and 45 can be shortened than 
that shown in Fig. 33. 

[0127] A thirty-fourth embodiment shown in Fig. 35 is 
an example in which a double-row conical-roller bearing 
is used as a bearing. This type of bearings has high du- 
rability to impact load and particularly suitable for auto- 
mobiles that is inherently heavy in weight. In the figure, 
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the swaged portion 149 is disposed on the bore surface 
of the inner raceway 45; however, it can also be dis- 
posed in the region between the inner raceways 44 and 
45 in the same manner as the embodiment shown in 
Fig. 33, and further, a fit portion 148 can be disposed at 
the inboard side of the swaged portion 149 in the same 
manner as the embodiment shown in Fig.34. 
[0128] Fig. 37 shows a bearing device for a driving 
wheel as a thirty-sixth embodiment. The fit portion 1 46 
that fits to a base portion of the shaft-shaped stem 
portion59 of the joint outer ring 51 is formed, and the 
serrated portion 58 that fits to the serrated portion 57 of 
the stem portion 59 of the joint outer ring 51 is formed 
on a periphery of a bore at the outboard side. A concave 
portion 201 is formed around the periphery of a through 
hole at an outboard end surface of the hub ring 41 , and 
a pilot member, or a pilot ring 204, having a wheel guide 
portion 202 and a brake guide portion 203 is press-fitted 
into the concave portion 201 . A brake rotor (not shown) 
is mounted on an outboard flange 200 of the wheel 
mounting flange 46. Torque transmission is enabled by 
inserting the stem portion 59 of the joint outer ring 51 
into the through hole of the hub ring 41 with the pilot ring 
204 installed on position, fitting the base portion of the 
stem portion 59 to the fit portion 148 of the hub ring 41 , 
and at the same time, by fitting the serrated portion 57 
to the serrated portion 58 of the hub ring 41 . 
[0129] In the thirty-sixth embodiment, the pilot ring 
204 and the hub ring 41 are fitted in such a way that the 
concave portion 201 is provided at the outboard end sur- 
face of the hub ring 41 , and the pilot ring 204 is fitted to 
the concave portion 201 . However, it may also be con- 
stituted such that, as a thirty-seventh embodiment 
shown in Fig. 38, a convex portion 205 is provided at 
the outboard end surface of the hub ring 41 , and the pilot 
ring 204 is fitted to the convex portion 205. 
[0130] An axial end of the joint outer ring 51 isswaged 
and plastically deformed to be fixed to the pilot ring 204, 
and the joint outer ring 51 is fixed to and unitized with 
the hub ring 41 through the pilot ring 204. Thus, by f ixing 
the joint outer ring 51 to the hub ring 41 by swaging, a 
shoulder portion of the joint outer ring 51 is butted with 
the inboard end portion of the hub ring 41 , and thereby 
pre-load is given to the bearing 42. 
[0131] In the thirty-sixth embodiment, the pilot mem- 
ber 204, a separate element, is fitted to the outboard 
end portion of the hub ring 41 , axis alignment of the hub 
ring 41 and the joint outer ring 51 is made through the 
fit portion 148 of the inboard end portion of the hub ring 
41 and the pilot ring 204, and the pilot ring 204 and the 
hub ring 41 are fixed to be unitized by swaging an axial 
end of the joint outer ring 51 . Because axis alignment of 
the hub ring 41 and the joint outer ring 51 is made 
through the pilot ring 204, a separate element from the 
hub ring 41 , run-out of the wheel mounting flange 46 of 
the hub ring 41 can be prevented. Further, the pilot ring 
204 prevents moment load acting on the hub ring from 
concentrating on the swaged portion 149. 



[0132] As described above, by making the pilot ring 
204 having the wheel guide portion 202 and the brake 
guide portion 203 a separate element from the hub ring 
41 , surface treatments (such as rust-proofing, wax ap- 
5 plication or painting) for the pilot ring 204 may be applied 
prior to assembling. By doing so, surface treatments for 
the wheel guide portion 202 and the brake guide portion 
203 that have been carried out in assembly lines be- 
come unnecessary. 
10 [01 33] Also, a seal member may be installed on a sur- 
face where the pilot ring 204 and the hub ring 41 contact 
with each other. For example, a seal member may be 
applied on the surface of either the pilot ring 204 or the 
hub ring 41 , or it may be constituted such that an annular 
15 groove 206 with sharp bottom comers is formed on the 
outboard end surface of the hub ring 41 , and an 0-ring 
207 is installed on the groove 206 (see Fig. 37 and Fig. 
38). The constitution in which the O-ring 207 is installed 
in the groove 206 may also be applicable to a thirty- 
eighth and thirty- ninth embodiments that are described 
below (see Fig. 39 and Fig. 40). 

[0134] Further, a surface- hardened layer may be 
formed by a heat treatment on the pilot ring 204. Pro- 
viding a surface-harden layer on the pilot ring 204 can 
prevent plastic deformation of an outboard end surface 
of the hub ring 41 induced by swaging. Dip quenching 
orcarburization is suited as a heat treatment for forming 
a surface-hardened layer. 

[0135] In the thirty-sixth embodiment described 
above, the mouth portion 56 and the stem portion 59 are 
unitized to form the joint outer ring 51 of the constant 
velocity universal joint 43, and this constitution is also 
applicable to a bearing device having the joint outer ring 
51 in which the mouth portion 56 and the stem portion 
59 are separable as the thirty-eighth embodiment 
shown in Fig. 39. 

[0136] In the thirty-eighth embodiment, a serrated 
portion 208, as well as an annular groove 210 with sharp 
bottom corners , is formed on an outside periphery of the 
inboard end portion of the stem portion 59. While on an 
inside periphery of the outboard end portion of the 
mouth portion 56, a serrated portion 209 that fits to the 
serrated portion 208 of the stem portion 59 is formed. 
The inboard inner raceway 45 formed on the shoulder 
portion of the joint outer ring 51 in the thirty-sixth em- 
bodiment is formed directly on an outside periphery of 
a shoulder portion of the stem portion 59* in the thirty- 
eighth embodiment. 

[0137] In the thirty-eighth embodiment, the stem por- 
tion 59' and the mouth portion 56 are made detachable 
in such a way that the mouth portion 56 is fitted to the 
stem portion 59' through the serrated portions 208 and 

209 with a fixing ring 211 being installed in the groove 

21 0 of the stem portion 59'. The serrated portions 208 
and 209 enable torque transmission between the stem 
portion 59* and the mouth portion 56, and a relative shift 
in an axial direction between the stem portion 59* and 
the mouth portion 56 is prevented by the fixing ring 211 . 
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An end plate 212 installed inside the mouth portion 56 
prevents grease or other similar materials filled in the 
mouth portion 56 from leaking out. 
[0138] A bearing device as shown in the thirty-sev- 
enth embodiment may also have the joint outer ring 51 
in which the mouth portion 56 and the stem portion 59* 
are separable in the same manner as that shown in a 
thirty-ninth embodiment in Fig. 40. 
[01 39] In the thirty-ninth embodiment, the diameter of 
an inboard end portion of the stem portion 59' is expand- 
ed to integrally form a tubular portion 213, a serrated 
portion 21 4, as well as an annular groove 21 6 with sharp 
bottom comers, is formed on an inside periphery of the 
tubular portion 213. While, on an outside periphery at 
an outboard end portion of the mouth portion 56, a ser- 
rated portion 215 that fits to a serrated portion 214 of 
the stem portion 59' is formed. Also in the thirty-ninth 
embodiment, the inboard inner raceway 45 that is 
formed on the shoulder portion of the joint outer ring 51 
in the thirty-seventh embodiment is formed directly on 
an outside periphery of a shoulder of the stem portion 
59'. 

[0140] In the thirty-ninth embodiment, the stem por- 
tion 59' and the mouth portion 56 are made detachable 
in such a way that the mouth portion 56 is fitted to the 
stem portion 59' through the serrated portions 214 and 

215 with a fixing ring 217 being installed in the groove 

216 with sharp bottom comers on the tubular portion 213 
of the stem portion 59'. The serrated portions 214 and 
215 enable torque transmission between the stem por- 
tion 59' and the mouth portion 56, and a relative shift in 
an axial direction between the stem portion 59' and the 
mouth portion 56 is prevented by the fixing ring 21 7. An 
end plate 218 installed inside the mouth portion 56 pre- 
vents grease or other similar materials filled in the mouth 
portion 56 from leaking. 

[0141] In the thirty-sixth to thirty-ninth embodiments 
described above, the position of the outboard inner 
raceway of the hub ring 41 , or the center position of the 
roiling elements 65 on the inner raceway 44 is defined 
by ratios described below (see Fig. 41). 
[0142] That is, ® The ratio of a thickness B of the 
wheel mounting flange to a distance dimension A be- 
tween an outboard flange-surface 200 of the wheel 
mounting flange 46 and the position of an inner raceway 
is set to B/A £ 0.41 , © The ratio of a distance dimen- 
sion C between a surface on the pilot ring 204 with which 
a swaged portion contacts and the position of the inner 
raceway to the distance dimension A between the flange 
surface 200 and the position of the inner raceway is set 
to C/A ^ 0.79,® The ratio of a curvature R of a sealing 
portion with which the seal 70 has a sliding contact re- 
lationship with an outside diameter D of the rolling ele- 
ment 65 is set to 2R/D s 0.37, ® The ratio of the dis- 
tance dimension C between a surface on the pilot ring 
204 with which swaged portion contacts and the position 
of the inner raceway to a pitch circle diameter PCD of 
the rolling elements 65 is set to C/PCD s 0.33, and© 



The ratio of the outside diameter D of the rolling ele- 
ments 65 to the distance dimension A between the 
flange surface 200 and the position of the inner raceway 
is set to D/A ^ 0.45. 
5 [0143] The embodiments from the thirty-sixth to the 
thirty- ninth described above have discussed bearing de- 
vices having a constitution in which the inboard inner 
raceway 45 of the double-row inner raceways 44 and 
45 is formed directly on the joint outer ring 51 of the con- 
to stant velocity universal joint 43; however, the present 
invention is not limited to such embodiments as de- 
scribed above, and is also applicable to a bearing device 
having a constitution in which an inboard inner raceway 
is formed on an outside periphery of an inner ring, a sep- 
15 arate element, pressed onto a small-diameter stepped 
portion of a hub ring. 

[0144] A bearing device of a forty-first embodiment 
shown in Fig 42 is, for example, for a driving wheel, in 
which the inner ring 75 is fitted onto the small-diameter 

20 stepped portion 74 formed on an outside periphery of 
the hub ring 41 , and the inboard inner raceway 45 is 
formed on an outside periphery of the inner ring 75. At 
opening portions of both ends of the bearing 42, there 
are sea! lips slidingly contacting with stingers that are 

25 pressed onto outside peripheries of the inner ring 75, a 
pair of the seats 70 and 71 for sealing an annular space 
surrounded by the outer ring, hub ring and the inner ring 
are fitted into bores at both ends of the outer ring 62 to 
prevent leakage of grease filled inside and entry of water 

30 or foreign matter from outside. 

[0145] In the forty-first embodiment, a surface-hard- 
ened layer 303 is formed, for example, by induction 
hardening on an outboard base portion of the wheel 
mounting flange 46, or on a fillet portion 302 located on 

35 a region extending from the brake rotor mounting sur- 
face 200 to the tubular pilot portion 301 . Forming the 
surface-hardened layer 303 facilitates enhancement of 
the strength of the outboard base portion, the weakest 
portion for rotational bending fatigue, while allowing 

40 keep current processing methods and facilities, and 
without changing the shape and dimensions of a wheel 
mounting flange 46, and without increasing a carbon 
content or adding strengthening elements to a material. 
[01 46] The surface-hardened layer 303 formed on the 

45 fillet portion 302 of the wheel mounting flange 46 is pre- 
pared with a surface hardness in the range from HRC 
40 through 63, preferably from HRC 58 through 63, with 
its depth being in the range from 0.3 through 2mm, pref- 
erably from 0.5 through 2 mm. 

so [0147] When the surface hardness of the surface- 
hardened layer 303 is in the range from HRC 40 to 63, 
preferably from 58 through 63, it effectively prevents 
breakage caused by rotational bending fatigue, be- 
cause rotational bending fatigue basically depends on 

55 hardness. When surface hardness is less than HRC 40, 
desired strength for rotational bending fatigue is not ob- 
tainable. 

[0148] Preventing breakage caused by rotational 
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bending fatigue means preventing production of cracks 
on a materia! surface from occurring. Stress caused by 
rotational bending is highest at the surface, and it reduc- 
es toward inside. Therefore, the depth of a surface-hard- 
ened layer 303 is not necessarily so deep, and a depth 
from 0.3 through 2 mm, preferably from 0.5 through 2 
mm, may be sufficient Briefly, desired strength for rota- 
tional bending fatigue is not obtainable when the depth 
of a surface-hardened layer 303 is less than 0.5 mm, 
and stress caused by rotational bending reduces at a 
depth deeper than 2 mm, so that It is not necessary to 
make the depth deeper than that described above. 
[01 49J The hub ring 41 and the inner ring 75 are made 
of carbon steel containing C from 0.5 through 0.8 wt%. 
Carbon steel containing C from 0.5 through 0.8 wt% has 
better workability than SUJ2, high-carbon chrome steel 
for a bearing (containing C from 0.95 through 1.10 wr%), 
by a degree corresponding to its less carbon content. A 
carbon content of 0.5 wt% or more is needed to increase 
strength, wear resistance and rolling fatigue life, and a 
content of 0.8 wt% is an upper limit, because process- 
ability, mach inability, and toughness lower above this 
value. 

[01 50 J In the forty-first embodiment shown in Fig. 42, 
a surface- hardened layer 304 is formed on an outside 
periphery of the hub ring 41 with which a seal lip of the 
seal 70 installed at the outboard end portion of the outer 
ring 62 slidingly contacts, or on a region extending from 
a sealing portion through the inner raceway 44 and to 
the small-diameter stepped portion 74. 
[0151] Each portion of the surface-hardened layer 
304 is indicated by alphabetical letters from 'a' to 'd' as 
follows: portion 'a' is a sealing portion with which the seal 
lip of the seal 70 to slidingly contacts, and wear resist- 
ance is required for this portion. By forming the surface- 
hardened layer 304 on the sealing portion, strength of 
the wheel mounting flange 46 is further enhanced. Por- 
tion 'b' is an inner raceway 44 on which the rolling ele- 
ments 65 roll, and durability is required for this portion. 
Portion 'c' is a part that contacts with the inner ring 75, 
and portion 'd' is a part that fits to the inner ring 75 or to 
the hub ring 41 , and therefore, the portion requires re- 
sistance for creeping and fretting. 
[0152] In a forty-second embodiment shown in Fig. 
43, a surface-hardened layer 305 is provided on the ser- 
rated portion 58 formed on an inside periphery of the 
hub ring 41 . When the surface-hardened layer 305 is 
formed on the serrated portion 5B in this way, wear re- 
sistance and strength increase, and the increase in 
strength allows to shorten the effective length of the ser- 
rated portion 58. 

[0153] Fig. 44 shows a forty-third embodiment of a 
bearing device according to the invention. In the forty- 
third embodiment, differently from the embodiment 
shown in Fig. 42 in which the outboard inner raceway 
44 is formed directly on the hub ring 41 , the inner ring 
146 is pressed onto the small-diameter stepped portion 
74 of the hub ring 41 in the same manner as the inboard 



inner raceway 45, and the outboard inner raceway 44 is 
formed on an outside periphery of the inner ring 146 
which is a separate element. 

[01 54] In a bearing device of this embodiment, a sur- 
5 face-hardened layer 306 is formed not only on the fillet 
portion 302 that is an outboard base portion of the wheel 
mounting flange 46, but formed also on an inboard base 
portion of the wheel mounting flange 46, or on a fillet 
portion 307. By forming the surface-hardened layers 
10 303 and 306 on both sides of the base of the wheel 
mounting flange 46, or about the fillet portions 302 and 
307, the strength of the wheel mounting flange 46 is fur- 
ther increased. 

[0155] For a heat treatment method for forming the 
is surface- hardened layers 303 to 306, induction harden- 
ing is suitable. By effectively using characteristics of in- 
duction heating, induction heat treatment as a surface 
hardening treatment can provide wear resistance or im- 
proved fatigue strength to material, while allowing free 
selection of the surface-hardened layers 303 to 306. 
Induction heating is a method to make a metal material 
generate heat in the material by directly converting elec- 
tric energy to heat energy using the phenomenon of 
electro-magnetic induction. Induction heat treatment us- 
ing the method of induction heating has many features. 
Characteristics of a base material can be maintained 
even after the treatment, because induction heating en- 
ables local heating, facilitates free selection of the depth 
of the layer to be hardened, and allows to control so that 
regions other than those to be hardened are not ther- 
mally affected. 

[0156] In the embodiment shown in Fig. 42 and Fig. 
44, cases in which the joint outer ring 51 of the constant 
velocity universal joint 43 is fixed to the hub ring 41 with 
the nut 73 are shown; however, the invention is not lim- 
ited to such described in the embodiment, and ft may 
also be constituted such that the joint outer ring 51 is 
fixed to the hub ring 41 by swaging an end portion of the 
stem portion 59 of the joint outer ring 51 to the hub ring 
41 . Also, the invention is applicable not only to a bearing 
device for a driving wheel, but also to that for a driven 
wheel. In a system with which an outer-ring rotates and 
a wheel mounting flange is provided on a outer ring, a 
surface-hardened layer is formed on a base portion of 
the wheel mounting flange on the outer ring. 
[0157] While there has been described what are at 
present considered to be preferred embodiments of the 
invention, ft will be understood that various modifica- 
tions may be made thereto, and it is intended that the 
appended claims cover all such modifications as fall 
within the true spirit and scope of the invention. 



Claims 

1. A wheel bearing device comprising a hub ring, a 
double-row bearing and a constant velocity univer- 
sal joint, at least the hub ring and the double-row 
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bearing are unitized together, the hub ring and the 
constant velocity universal joint are fitted through 
torque transmission means and are joined by 
means for fastening in an axial direction, wherein 
clearance In a fit portion of the torque transmission * 
means is prevented by a play prevention member. 

2. The wheel bearing device according to claim 1, 
wherein the hub ring, the constant velocity universal 
joint and the double-row bearing are unitized to- 10 
gether, one of double- row inner raceways of the 
bearing is formed on the joint outer ring of the con- 
stant velocity universal joint, and an end portion of 
the joint outer ring is fitted onto an outside periphery 

of the hub ring through the torque transmission is 
means. 

3. The wheel bearing device according to claim 2, 
wherein the play prevention element for preventing 
occurrence of clearance in the fit portion of the 20 
torque transmission means has an outside diameter 
larger than an inside diameter of a hollow portion 
provided in the hub ring, and the play prevention 
element is a diameter expansion element to be 
pressed into the hollow portion. 25 

4. The wheel bearing device according to claim 2 or 
3, wherein an end portion of the hub ring is coupled 
with the joint outer ring by plastic deforming. 

30 

5. The wheel bearing device according to claim 2 or 
3, wherein a snap ring is installed at an end portion 
of the hub ring to couple the hub ring with the joint 
outer ring. 

35 

6. The wheel bearing device according to claim 1, 
wherein the hub ring has a small-diameter end por- 
tion, an inner ring as a separate element on which 
one of double-row inner raceways of the bearing is 
formed is pressed onto the small-diameter end por- *o 
tion, the hub ring and the bearing are unitized to- 
gether by swaging the smail-diameter end portion, 
and the joint outer ring is fitted into a bore of the h ub 
ring through the torque transmission means. 

45 

7. The wheel bearing device according to claim 6, 
wherein the play prevention element preventing 
clearance in the fit portion of the torque transmis- 
sion means has an outside diameter larger than an 
inside diameter of the hollow portion provided in the so 
joint outer ring, and the play prevention element is 

a diameter expansion element to be pressed into 
the hollow portion. 

8. The wheel bearing device according to claim 3 or ss 
7, wherein the diameter expansion element is a roll- 
ing element for a bearing. 
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9. The wheel bearing device according to claim 6, 
wherein the small-diameter portion having an out- 
side diameter smaller than a bore diameter of the 
hub ring is provided at an end portion of the joint 
outer ring, a portion with projections and depres- 
sions is formed on an outside periphery of the small- 
diameter portion in a circumferential direction, and 
a ring member integrally having tongue pieces that 
elastically contact with the fit portion of the torque 
transmission means of the hub ring and with the 
portion having projections and depressions of the 
small-diameter portion is installed between the bore 
diameter of the hub ring and an outside diameter of 
the small-diameter portion. 

10. A wheel bearing device comprising a hub ring, a 
constant velocity universal joint and a double-row 
bearing which are unitized together, one of double- 
row inner raceways of the bearing being formed on 
a joint outer ring of the constant velocity universal 
joint, wherein the joint outer ring is fitted onto the 
hub ring with torque transmission means being pro- 
vided in between, and the hub ring and the joint out- 
er ring are joined together by plastic deformation. 

11. The wheel bearing device according to claim 10, 
wherein an inboard end portion of the hub ring is 
extended beyond the position of an inboard inner 
raceway of the double- row inner raceways. 

12. The wheel bearing device according to claim 10, 
wherein the torque transmission means and a plas- 
tically deformed portion are separately disposed 
from each other. 

13. The wheel bearing device according to claim 12, 
wherein the plastically deformed portion is disposed 
at one side of the torque transmission means in an 
axial direction, and at the other side is a fit portion 
at which the hub ring and the joint outer ring are 
fitted to each other without play. 

14. The wheel bearing device according to claim 10, 
wherein the plastically deformed portion is such that 
an end portion of the hub ring is coupled with the 
joint outer ring by swaging. 

15. The wheel bearing device according to claim 10, 
wherein the hub ring and the joint outer ring are 
joined together by plastically deforming an end por- 
tion of a connection member fitted into the hub ring. 

16. The wheel bearing device according to claim 10, 
wherein the plastically deformed portion and the 
torque transmission means are provided at a com- 
mon part. 

17. The wheel bearing device according to claim 16, 
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wherein a portion with projections and depressions 
is provided within a fit region of the hub ring and the 
joint outer ring, and the fit region including the por- 
tion with projections and depressions is at least 
partly expanded or shrunk in the diameter. s 



18. The wheel bearing device according to claim 17, 
wherein the diameter expansion portion or the di- 
ameter shrinkage portion is disposed more inboard 
side than an outboard inner raceway. 10 

19. The wheel bearing device according to claim 10 to 
18, wherein a pitch circle diameter of an outboard 
bearing of a double-row bearing is smaller than that 

of an inboard bearing. fs 

20. The wheel bearing device according to any one of 
claims 1 0 to 1 B, wherein the diameter of outboard 
rolling elements of a double-row bearing is smaller 
than that of inboard rolling elements. 20 

21. The wheel bearing device according to any one of 
claims 1 0 to 1 8, wherein an inner ring having an out- 
board inner raceway on an outside periphery there- 
of is fitted to the hub ring. 25 

22. The wheel bearing device according to any one of 
claims 1 0 to 1 8, wherein an inner ring having an out- 
board inner raceway on an outside periphery there- 
of is fitted to the joint outer ring. 30 

23. A wheel bearing device comprising a hub ring and 
a double-row bearing unitized with each other, 
wherein a pitch circle diameter of an outboard bear- 
ing of the double-row bearing is smaller than that of 35 
an inboard bearing. 

24. A wheel bearing device comprising a hub ring and 
a double-row bearing unitized with each other, 
wherein the pitch circle diameter of outboard rolling 40 
elements of the double-row bearing is smaller than 
that of inboard rolling elements. 

25. A wheel bearing device comprising a hub ring, a 
constant velocity universal joint and a double-row 45 
bearing which are unitized together, at least one of 
double-row inner raceways of the bearing and a 
wheel mounting flange being formed on the hub 
ring, and a stem portion of a joint outer ring of the 
constant velocity universal joint being fitted into the so 
hub ring through torque transmission means, 
wherein a pilot member as a separate element hav- 
ing a wheel guide portion and a brake guide portion 

is fitted to a side-end portion of the wheel mounting 
flange of the hub ring, and the hub ring and the pilot ss 
member are fixed to the joint outer ring by swaging. 

26. The wheel bearing device according to claim 25, 



wherein the other inner raceway of the double-row 
inner raceways of the bearing is formed directly on 
the joint outer ring of the constant velocity universal 
joint. 

27. The wheel bearing device according to claim 25, 
wherein the hub ring and the pilot member are uni- 
tized by swaging an axial end of the joint outer ring 
to the pilot member. 

28. The wheel bearing device according to claim 25 or 
27, wherein the pilot member is subjected to a rust- 
proof treatment. 

29. The wheel bearing device according to claim 25 or 
27, wherein the pilot member is subjected to a heat 
treatment for surface hardening. 

30. The wheel bearing device according to claim 25 or 
27, wherein a seal member is provided on a contact 
surface between the hub ring and the pilot member. 

31 . The. wheel bearing device according to claims 25 to 
27, wherein the stem portion and mouth portion of 
the joint outer ring are constituted such that torque 
is transmitted therebetween and they are detacha- 
ble from each other. 

32. The wheel bearing device according to claim 31 , 
wherein the other inner raceway of the double-row 
inner raceways of the bearing is formed directly on 
the stem portion of the joint outer ring, and the stem 
portion and the mouth portion as a separate ele- 
ment are fitted to each other through serrated por- 
tions. 

33. A wheel bearing device comprising a hub ring, a 
constant velocity universal joint and a double-row 
bearing which are unitized, at least one of inner 
raceways of double-row raceways of the bearing 
and a wheel mounting flange being formed on the 
hub ring, a stem portion of a joint outer ring of the 
constant velocity universal j joint being fitted into the 
hub ring through torque transmission means, 
wherein a surface-hardened layer is formed at least 
on an outboard base portion of a wheel mounting 
flange. 

34. The wheel bearing device according to ctaim 33, 
wherein the base portion is a fillet portion on a re- 
gion extending from a brake rotor mounting surface 
to a tubular pilot portion. 

35. The wheel bearing device according to claim 33, 
wherein a surface hardness of the surface-hard- 
ened layer is from H RC 40 through 63 with the depth 
being from 0.3 through 2 mm. 
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36. The wheel bearing device according to claim 33, 
wherein the hub ring is made of carbon steel con- 
taining C from 0.5 through 0.8 wt%. 

37. The wheel bearing device according to claim 33, 5 
wherein the hub ring has the wheel mounting flange 

on Its outside periphery, and has a small-diameter 
stepped portion onto which an inner ring formed 
with the outboard inner raceway and inner race- 
ways of the double-row raceways. 10 

38. The wheel bearing device according to claim 33 or 
37, wherein a seal having a seal lip slidingly con- 
tacting with an outside periphery of the hub ring or 
inner ring is provided, and a surface-hardened layer is 
is formed about a base portion of the wheel mount- 
ing flange with which the seal lip slidingly contacts. 

39. The wheel bearing device according to claim 33, 
wherein a serrated portion is formed on an inside 20 
periphery of the hub ring and a surface- hardened 
layer is formed on the serrated portion. 

40. The wheel bearing device according to claim 39, 
wherein the surface-hardened layer is formed with 25 
induction hardening. 
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FIG. 22 
Torque 




■9*- Amount of play 



Wheel bearing device, conventional type 

FIG. 23 

Torque 

ii 

^ ^ Amount of play 

Wheel bearing device of the invention 
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